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Description 

1 . Field of the Invention 

5 This invention provides a diagnostic assay methodology for the sensitive detection of specific nucleic 
acid (DNA and RNA) sequences In biological and clinical samples. The Invention particularly addresses the 
problem of detecting low copy numbers of a target sequence with high specificity. 

All current methods for the detection of DNA and RNA are based on the stoichiometric (1:1) 
hybridization of a complementary, labeled nucleic acid probe to the target sequence (see Figure 1). The 

10 present invention is a marked departure from this approach: the target sequence serves as a cofactor for a 
reaction in which the probe is cleaved catalytically. After cleavage of the probe, the target sequence is 
released intact and can be repeatedly recycled through the reaction leading to a large amplification of the 
response (see Figure 2). We have termed such reaction schemes catalytic hybridization amplification 
reactions. In such assays, cleavage of the labeled probe signals the presence of the target sequence. The 

75 sensitivity of the method is far greater than existing procedures, all of which are based on stoichiometric or 
unitary hybridization schemes in which the target sequence captures one. and only one, molecule of the 
probe. Several embodiments of the catalytic hybridization amplification method are described below. All 
operations required for such assays are simple and can be readily carried out in a clinical laboratory. The 
invention will have applications in the diagnosis of a variety of diseases in man and other species including 

20 genetic disorders, infectious diseases, and cancer. 

2. Description of Prior Art 

It is well known that nucleic acids, i.e., deoxyribonucleic acids (DNA) and ribonucleic acids (RNA) are 

25 essential building blocks of all organisms. These are high molecular weight polymers that are made up of 
many nucleotide units, each such nucleotide unit being composed of a base (a purine or a pyrimidine), a 
sugar (which is either ribose or deoxyribose) and a molecule of phosphoric acid. DNA contains deoxyribose 
as the sugar moiety and the bases adenine, guanine, cytosine, and thymine (which may be represented as 
A, G, C and T, respectively). RNA contains ribose instead of deoxyribose and uracil (U) instead of thymine. 

30 The nucleotide units in DNA and RNA are assembled in definite linear sequences which determine 
specific biological functions. In bacterial cells, and in all higher species, DNA directs its own replication, and 
also serves as the template for the synthesis of RNA molecules whose nucleotide sequences carry the 
information encoded by the DNA. The process of RNA synthesis is termed transcription. RNA molecules 
serve several different functions within the cell. Messenger RNAs (mRNAs) direct protein synthesis. 

35 Ribosomal RNAs (rRNAs) are important constituents of ribosomes, the organelles within the cell at which 
mRNAs are read, or translated, and proteins are made. 

Collectively, the genetic information of an organism is termed the genome. The genome of bacteria and 
all higher species is composed of DNA. The genome of viruses may be either DNA or RNA. In any case, 
the genome of any particular species, whether a virus, bacteria or a higher organism has a characteristic 

40 nucleotide sequence which, stated simply, can be viewed as the "fingerprint" of that species. Sequences 
within a genome that code for proteins, or that are transcribed to form RNAs with specific functions such as 
ribosomal RNA represent Individual genes. Small viruses such as the AIDS virus have as few as 10 genes. 
The human genome contains approximately 50,000 genes. 

According to the well known Watson-Crick model, DNA molecules consist of two polynucleotide strands 

45 coiled about a common axis. The resulting double helix is held together by hydrogen bonds between 
complementary base pairs in each strand. Hydrogen bonds are formed only between adenine (A) and 
thymine (T) and between guanine (G) and cytosine (C). Hence within the double helix, adenine (A) and 
thymine (T) are viewed as complementary bases which bind to each other as A-T. The same is true for 
guanine (G) and cytosine (C) as G-C. 

50 In a single polynucleotide chain, any sequence of nucleotides is possible. However, once the order of 
bases within one strand of a DNA molecule Is specified, the exact sequence of the other strand is 
simultaneously determined due to the indicated rules of base pairing. Accordingly, each strand of DNA 
molecule is the complement of the other. The process by which two complementary DNA strands associate 
with one another is termed hybridization. The process of strand separation, which Is generally accomplished 

55 by heating the sample, is termed melting or denaturation of the duplex. Duplexes have a characteristic 
melting temperature (Tm) depending primarily on length, composition, and salt concentration. The following 
equation provides a useful approximation of the Tm: 
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Tm = 1 e.BXIog Cs + 0.41 x(%G + C) + 81 .5-820/L (1 ) 

where Cs is the salt concentration. (%G + C) is the percent G-C content, and L is the length of the duplex 
(Schildkraut C. and Lifson. S. (1965) Biopolymers 3, 195-208; and Thomas, C.A. Jr. and Dancis. B.M. (1973) 

5 Journal of Molecular Biology 77, 43-55). Mismatches between the two strands of a duplex (e.g. a C-T base 
pair) can occur, but decrease Ihe stability of the helix significantly and lower the melting temperature. 

In addition to DNA:DNA duplexes. DNA:RNA duplexes and RNA:RNA duplexes can also form and occur 
naturally. DNA:RNA duplexes are formed transiently in the process of transcription in which DNA serves as 
a template for RNA synthesis. RNAiRNA duplexes occur as the genetic material of certain viruses and are 

10 also formed in so-called hairpin loops of ribosomal RNA and transfer RNA. In duplexes involving an RNA 
strand, uracil (U) pairs with adenine (A). Within a single polynucleotide strand, sequences of both RNA and 
DNA can also occur. Such RNA-DNA copolymers are formed as intermediates in the replication of DNA. 
The melting temperature of a DNA:RNA or an RNA:RNA duplex may differ somewhat, depending on 
solution conditions, from that of a DNA:RNA duplex of the same sequence, but the equation given above 

15 remains a useful approximation of the Tm. For a further discussion of these various polynucleotide 
structures and their biological functions see "Genes 111" by Benjamin Lewin, John Wiley and Sons. 1987. 

Recent advances in molecular biology employing recombinant DNA techniques have led to new 
diagnostic and therapeutic strategies. In the area of DNA probe diagnostics, DNA probes are used to detect 
the presence of a complementary target nucleic acid sequence in the sample. Applications include the 

20 diagnosis of infectious diseases, cancer and genetic disorders. In the case of infectious diseases, the target 
can be a DNA or RNA sequence unique to a particular bacteria or virus. 

In certain cancer cells there are specific gene rearrangements which can be detected, e.g. the 
translocation of the c-abi oncogene in chronic myelogenous leukemia. Genetic defects can involve large 
deletions or insertions of DNA, or a single point mutation as in the case of sickle cell disease. In the latter 

25 case, it is necessary to detect the alteration of a single base pair in the context of flanking sequences that 
are identical to those found in the normal gene. 

All nucleic acid diagnostic assays involve three fundamental steps: 

(1) Isolation and further preparation of DNA or RNA from the sample . When DNA is isolated it is 
generally sheared by mechanical forces. With gentle manipulation, the largest fragment size may be up 

30 to about 100,000 base pairs. DNA may also be purposefully cut with sequence specific endonucleases 
termed restriction enzymes to give rise to fragments of discrete sizes. Such is the case in so-called 
Southern blot analysis in which the fragments are subsequently separated according to size by 
electrophoresis and then immobilized on a filter such as nitrocellulose or a nylon membrane (Southern, 
E.M. (1975) Journal of Molecular Biology 98, 503-517). 

36 (2) Hybridization of a complementary, labeled nucleic acid probe to the target sequence . In this process, 
the sample is denatured, generally by heating, to ensure that the target sequence is single stranded. The 
labeled probe is then allowed to hybridize to the target. Molecules of the probe that are weakly bound to 
other sequences within the sample, or the filter on which it is immobilized, are then washed away. To 
achieve adequate specificity, the melting temperature of the probeitarget duplex must be at least 5 to 10 

40 degrees above that of duplexes that may be formed between the probe and other sequences present 
within the sample with which there is one or more mismatches. 

(3) Detection of the amount of the labeled probe hybridized to the DNA or RNA within the sample. 
Suitable reporter groups with which the probe may be labeled include radioisotopes such as ^H, 32p or 
^21}. fluorescent dyes such as fluorescene, Texas Red or the phycobiliproteins, or enzyme markers such 
45 as alkaline phosphatase, jS-galactosidase, glucose oxidase or peroxidases. An example of a diagnostic 
assay in which the sample nucleic acid is immobilized on a filter is shown in Figure 1 (see Falkow et al. 
(1982) U.S. Patent No. 4,358,535). 

In addition to the filter format, a variety of other strategies for diagnostic hybridization assays have been 
described, see for example Heller et al. (1983) EPA 0 070 685 and EPA 0 070 687; Rentz. M. and Kurz, 0. 

50 (1984) Nucleic Acids Research, 12, 3435-3444; Ruth, J.L (1984) P.C.T. W084/03285; and Kohne. D. (1984) 
P.C.T. W084/02721 . In each of these systems the reporter group that is to be detected is attached directly 
to the probe as is shown in Figure 1 . Alternatively, an indirect labelling scheme may be employed. In the 
method described by P. Kourlisky et al. (1979) GB 2 019 408 the probe is labeled with biotin. After the 
probe is hybridized to the target sequence, a complex of the enzyme i8-galactosidase covalently linked to 

55 the protein avidin is added to the sample. Avidin binds specifically and with very high affinity to the biotin 
label attached to the probe. The probeitarget duplex is then detected by providing an appropriate substrate 
for i9-galactosidase which is hydrolyzed to give a fluorescent or colored product. Biotin-avidin probe 
systems have also been described by Ward et al. (1982) EPA 0 063 879, and by Engelhardt et al. (1984) 
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EPA 0 097 373. More recentiy, Carrico (1987) EPA 0 209 702 have described an indirect labelling strategy 
in which a probe:target duplex formed between an RNA strand and a DNA strand are detected using an 
antibody which binds specifically to RNAiDNA duplexes. 

All of the above prior art methods involve a stoichiometric or unitary hybridization reaction in which the 

5 target sequence binds to or captures one and only one molecule of the probe. The present invention 
provides a novel and improved hybridization assay method in which the target sequence is able to capture 
many molecules of the probe in a repeating series of reactions. This Is accomplished by cleavage of the 
probe within the probertarget duplex such that the target sequence Is released Intact and can repeatedly 
recycle through the reaction pathway. We term such methods catalytic hybridization amplification (CHA) 

10 reactions. A generalized version of the CHA method Is shown in Figure 2. In such assays, the signal that is 
detected results from the cleavage of the probe. The sensitivity of the method is far greater than that of 
earlier hybridization schemes, alt of which are based on a stoichiometric, i.e. 1:1, association between the 
target sequence and the probe. 

Several methods described previously involve cleavage of the probe used in the hybridization assay, 

75 but preclude recycling of the target sequence, the essential element of the present invention. Thus, 
Ashlhara et al. (1985) EPA 0 142 299 describe a method In which the DNAiDNA duplex formed between the 
probe and the target sequence Is cleaved by a restriction enzyme. The restriction enzyme recognizes a 
specific sequence, generally 4 to 6 base pairs in length, within the duplex and cleaves both the probe and 
the target strand. Because the target is cleaved, it is Impossible for it to recycle through the reaction 

20 pathway. A procedure for detecting single base changes, l.e. point mutations, within DNA has been 
described by Myers et al. (1985) Science 230, 1242-1246 that is based on the cleavage of an RNA probe. A 
labeled RNA probe is first hybridized to "the target DNA. The RNA probe hybridized to the DNA Is then 
subjected to cleavage by the enzyme RNaseA. Excess, unbound molecules of the probe are fully degraded. 
If the RNA forms a perfect duplex with no base pair mismatches with the DNA, the hybridized RNA strand 

25 will not be cut. If there are one or more base pair mismatches, the RNA probe will be cut by the enzyme. 
Cleavage of the RNA probe at the site of the mismatch(es), which may be assayed by a number of different 
means, is thus used to detect the altered DNA sequence. Since RNaseA will cleave free, unhybridized RNA 
molecules, it Is essential for the cleaved fragments to remain hybridized to the target sequence. This makes 
it impossible for the target DNA sequence to react repeatedly with multiple copies of the probe. An assay 

30 having some similar characteristics has recently been described by Duck et al. (1987) EPA 0 227 976. In 
this case, excess, unhybridized probe is first digested away with an enzyme that will not cleave the probe 
when bound in the probe:target duplex. An assay is then carried out to detect the remaining molecules of 
the probe hybridized to the target sequence. Because it is essential for excess, unhybridized probe 
molecules to be first degraded, the target sequence cannot turnover and react repeatedly In the reaction as 

35 In the present invention. 

Hull Vary et al. (1986) EPA 0 200 057 has described a system in which hybridization of the target 
sequence to the probe displaces a third polynucleotide that is bound to the probe. At the end of the 
hybridization reaction, the displaced polynucleotide is degraded into mononucleotides which are detected. 
Again in this system, each molecule of the target sequence hybridizes with one and only one copy of the 

40 probe. Recycling of the target sequence cannot occur. A method to enhance the rate of nucleic acid 
hybridization has been described by Zapolski et al. (1985) P.C.T. WO 85/05685. In this procedure, the 
enzyme RecA and a single stranded DNA binding protein are used to promote the hybridization of the 
probe to the target sequence. This increases the rate of hybridization, but the reaction is still stoichiometric 
involving the binding of a single molecule of the probe by each molecule of the target. Turnover of the 

45 target sequence enabling it to capture multiple copies of the probe does not occur as in the present 
invention. 

The prior art presented above represents a number of different strategies for labeling probes, canning 
out hybridization reactions, and enhancing signal detection. There are as yet, however, no nucleic acid 
hybridization assay systems In widespread use. Existing methods lack adequate sensitivity for many clinical 

50 applications and often Involve complex assay procedures difficult to carry out routinely in a clinical 
laboratory. All of the prior systems involve a stoichiometric or unitary hybridization of the probe to the target 
sequence, such that each target molecule can capture one an only one molecule of the probe. The present 
Invention makes a fundamental departure from this concept. 

The primary objective of the present invention is to provide an improved hybridization assay method in 

55 which the target sequence serves as a catalytic cofactor for the cleavage of a complementary, labeled 
nucleic acid probe. Recycling of the target through the reaction pathway enables it to capture many 
molecules of the probe, thereby leading to a large increase in the sensitivity of the assay. 
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Yet a further objective of the present invention is to provide formats, reagents, and assay conditions for 
such catalytic hybridization amplification (CHA) reactions useful in diagnostic tests. 

According to the present invention there is provided a method of detecting nucleic acid sequences in 
which said sequences serve as a cofactor for a catalytic reaction in which a complementary labeled nucleic 
5 acid probe is cleaved and detected, said method comprising: 

hybridizing of a target sequence to a labeled nucleic acid probe to provide a probeitarget sequence 
duplex; 

cleaving of the labeled probe within the probe:target sequence duplex to release the target sequence 
intact; 

10 recycling of the target sequence repeatedly through the reaction pathway; and 
detecting the extent of cleavage of the labeled probe. 

The invention also provides a probe useful for carrying out the method of the invention made of an 
oligonucleotide 15 to 50 nucleotides in length containing an RNA sequence and one or more additional 
sequences not cleavable by RNaseH, or a polynucleotide from 50 to several thousand nucleotides in length 
75 composed of RNA plus one or more interspersed sequences that are not cleavable by RNaseH. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic illustration of a standard hybridization assay for the detection of a DNA target 
20 sequence based on the formation of a stoichiometric (1:1) complex between the target sequence and a 
complementary, labeled nucleic acid probe. In this case the sample DNA is immobilized on a filter support. 

Figure 2 depicts the use of the CHA method for the detection of a specific DNA sequence. The target 
DNA sequence serves as a catalytic cofactor for the cleavage of a complementary, labeled nucleic acid 
probe. Repeated recycling of the target sequence through the reaction (dashed arrow) leads to a large 
25 amplification of the signal and enhanced sensitivity compared to standard assay systems based on a 
stoichiometric or unitary hybridization of the probe to the target sequence. 

Figure 3 illustrates the CHA method in a solid support format in which cleavage of the complementary 
labeled probe attached to the support is mediated by RNaseH. 

Rgure 4 illustrates a hybridization detection system in which two CHA reactions are coupled to produce 
30 an exponential amplification of signal. 

Figure 5 demonstrates the use of a competition assay to detect a specific RNA sequence with the CHA 
method. 

SUMMARY OF THE INVENTION 

35 

The present invention of catalytic hybridization amplification (CHA) provides a novel and improved 
nucleic acid hybridization method useful in diagnostic assays. The target sequence is not detected on the 
basis of stoichiometric (1:1) hybridization to the probe as in all previous assay systems. The invention 
concerns the target nucleic acid sequence serving as a highly specific cofactor for a catalytic reaction which 

40 leads to the cleavage of a complementary, labeled probe hybridized to the target. Molecules of the probe 
not hybridized to the target sequence are not cut. Upon cleavage of the labeled probe in the labeled 
probeitarget duplex, the target sequence is released intact and can repeatedly cycle through the reaction 
pathway. In such assays, cleavage of the probe generates the signal that is detected. The ability of each 
molecule of the target to capture multiple copies of the probe leads to a large enhancement in the 

45 sensitivity of the method. Several embodiments of the CHA method are provided employing simple assay 
procedures suitable for use in clinical diagnostic tests. Applications of these methods include, but are not 
limited to, the diagnosis of infectious diseases, genetic defects and cancer. Both single point mutations as 
well as longer unique sequences can be detected. 

60 DETAILED DESCRIPTION OF THE INVENTION 

The invention of catalytic hybridization amplification is unique in that it represents the first example of a 
non-stoichiometric hybridization process. In such systems the target sequence (either DNA or RNA) serves 
as a cofactor in a catalytic reaction in which a complementary, labeled nucleic acid probe is cleaved. A 
55 generalized version of the CHA method is shown in Figure 2. 

In the first step of the process, the target sequence hybridizes to the probe by the usual rules of base 
pairing. Once hybridized to the target sequence, the probe is then cleaved into two or more smaller 
fragments. The cleavage reaction can be catalyzed by an enzyme or occur by other chemical methods. 
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Only molecules of the probe hybridized to the target sequence are cleaved. Excess molecules of the probe 
not hybridized to the target are not cut. The smaller fragments of the probe generated by the cleavage 
reaction form less stable duplexes with the target than does the parent molecule, and under conditions of 
the CHA reaction dissociate from the target- For dissociation to occur rapidly, the melting temperature of the 
duplexes formed with the smaller fragments should generally be 10 'C or more below the reaction 
temperature. For short oligonucleotide probes from about 15 to about 35 nucleotides in length, this will 
occur following a single cleavage near the middle of the probe sequence. For longer probes, which may be 
up to several thousand nucleotides In length, multiple cleavages must occur, generating fragments shorter 
than about 35 nucleotides in length, preferably between about 10 and 20 nucleotides long. The target 
sequence must not be cleaved in the reaction. It is released intact from the probe:target duplex and 
recycles repeatedly through the reaction pathway. At the completion of the CHA reaction the extent of 
cleavage of the probe is measured. This generally involves separation of the probe fragment bearing the 
reporter group label form the intact molecule. It is the cleavage of the probe that signals the presence of the 
target sequence. Turnover of the target sequence, enabling each molecule to capture and promote the 
cleavage of many copies of the probe, greatly enhances the sensitivity of the method. Several embodiments 
of the CHA method will now be described. 

In the principal embodiment of this Invention, as applied to the detection of a DNA sequence, the 
cleavage reaction is catalyzed by the enzyme RNaseH, and takes place only when the target DNA 
sequence is hybridized to a complementary RNA probe, forming an RNA:DNA duplex. RNaseH is highly 
specific: it will not cut free molecules of the probe that are not hybridized to the target DNA sequence, nor 
does it cleave the target DNA sequence. Hence, upon cleavage of the probe, the target sequence is 
released intact and can repeatedly cycle through the reaction pathway as outlined in Figure 2. A detailed 
description of the components (probes, labels, etc.), procedures, and conditions for this embodiment of the 
CHA method follows. 

Probes that can be used in the invention range from oligonucleotides of 15 to 50 nucleotides in length 
to longer polynucleotides which may be up to several thousand nucleotides long. A probe of about 15 
residues is the shortest sequence that can be used to selectively hybridize to a complementary target 
sequence (e.g. a unique viral sequence) against the background of human DNA (see Thomas, C.A., Jr. 
(1966) Progress in Nucleic Research and Molecular Biology 5. 315). More often, sequences of at least 20 to 
25 nucleotides have to be used to assure a high level of specificity. Short oligonucleotides up to about 25 
residues are generally labeled with a single reporter group, either near the 5'- or 3*-end of the strand. 
Longer sequences may be labeled up to a density of about one reporter group per 15 nucleotide residues. 
The composition of the probe can be entirely RNA. Alternatively, the probe may contain one or more 
interspersed sequences not cleavable by RNaseH. Such sequences not cleaved by RNaseH can be 
composed of DNA, or of RNA in which either the phosphate groups or the sugar moieties are modified so 
as to prevent cleavage by the enzyme. Appropriate modifications of the phosphate groups include, but are 
not limited to, alkyi or aryl phosphotriesters, hydrogen phosphonates, alkyi or aryl phosphonates, alkyi or 
aryl phosphoramldates, phosphorothioates, or phosphoroselenates. The preferred modification of the ribose 
sugar to prevent cleavage by RNaseH is the conversion of the 2*-0H group to an alkyi or aromatic ether. To 
permit recognition by RNaseH, the cleavable RNA sequence(s) must be at least 3 residues in length. 

Probes containing interspersed sequences not cleavable by RNaseH focus the activity of the enzyme to 
specified regions and are. therefore, preferred If an oligonucleotide 26 resi-dues in length composed 
entirely of RNA was used as a probe, cleavage at many sites would be nonproductive, that is, would not 
lead to release of the target sequence. For example, cleavage of the strand between residues 23 and 24 
would generate one fragment 23 residues in length and a second fragment of only 3 residues. The 
trinucleotide would dissociate from the target sequence very readily, but the 23-mer would form a duplex 
with the target sequence almost as stable as that formed with the parent molecule, and, hence, would not 
be released. Alternatively, if the oligonucleotide had the sequence DNA11RNA4DNA11 cleavage would be 
limited to the central four RNA residues. The longest fragment so generated would be 15 residues. The Tm 
of this fragment would be about 20*C to 25'C below that of the parent 26-mer (see Equation 1) and would 
readily dissociate from the target sequence under the CHA reaction conditions. Thus, each time the probe 
was cleaved, the target sequence would be released and able to recycle through the reaction pathway. In 
the case of the pure RNA oligonucleotide probe two or more cleavages of the probe may be necessary to 
release the target. For longer probes, the length of the interspersed noncleavable sequences should be less 
than about 35 nucleotides long and preferable between 10 and 20 nucleotides in length, to permit rapid 
release of the fragments generated by RNaseH cleavage from the target sequence. 

A mixed DNA-RNA-DNA oligonucleotide probe is particularly useful for the detection of single point 
mutations, as is required for the diagnosis of certain genetic diseases such as sickle cell disease. Consider 
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a probe that forms a perfect duplex with the normal target sequence, and a duplex with the mutant gene in 
which there is a single base pair mismatch. The entire probe, including the flanking DNA sequences, 
provides the specificity for the target sequence normally achieved through hybridization. The greatest 
difference in the stability of the two helices is obtained with a relatively short oligonucleotide probe in which 

5 the mismatch is near the middle of the sequence. Even in this case, however, the melting temperature of 
the perfect duplex formed with the normal sequence is only about 5'C to 10 greater than that for the 
duplex formed with the mutant sequence having the mismatch. Although it is possible to distinguish the 
normal form the mutant sequence based on this small difference using a standard hybridization format such 
as that shown in Figure 1 , the reliability of the method is not sufficient for routine diagnostic use. The CHA 

10 reaction scheme, however, affords a further level of specificity that enables these two sequences to be 
readily differentiated. As noted above, cleave of an DNA-RNA-DNA probe by RNaseH is limited to the 
central RNA sequence. If the RNA sequence is four or five residues, a single base pair mismatch disrupts 
the structure of the RNA:DNA duplex sufficiently to prevent cleavage of the RNA strand by RNaseH. Thus, 
the probe would be cleaved when hybridized to the normal target sequence but not when hybridized to the 

75 mutant sequence. Only the normal target sequence would serve as a catalytic cofactor for the cleavage of 
the probe. If the central RNA sequence is between six and eight residues, two mismatches within the 
RNA:DNA portion of the duplex may be necessary to disrupt the structure sufficiently to prevent cleavage 
by RNaseH. This can be accomplished using a probe in which there is a single mismatch with the normal 
sequence and two mismatches with respect to the mutant sequence, e.g. 

20 

dAdCr ArUrCrCrGr ArUdAdG • . • probe 

dTdGdTdAdTdGdCdTdAdTdC • . . normal target sequence 

25 

dAdCrArUrCrCrGrArUdAdG .... probe 

dTdGdTdAdTdGdAdTdAdTdC . . . . mutant sequence 

30 

where dN (N = A.C.T or G) is a deoxyribonucleotide (DNA), rN a ribonucleotide (RNA), and * a mismatched 
base pair. 

Probes themselves can be made and modified by both molecular biology and synthetic techniques. 
Long probes greater than about 60 nucleotides in length are generally synthesized and labeled by 

35 enzymatic methods. Long RNA fragments can be synthesized from a DNA template using either SP6 or T7 
RNA polymerase. Oligonucleotides are generally synthesized by chemical methods, see "Oligonucleotide 
Synthesis: A Practical Approach" (Gait, M.J., ed.) IRL Press, Oxford (1984). The phosphoramidite method is 
the preferred chemistry at present. The synthesis can be carried out with the growing oligonucleotide chain 
attached to a solid support, such as polystyrene or glass beads, or free in solution. DNA, RNA and DNA- 

40 RNA-DNA oligonucleotides can be prepared by these approaches. DNA, RNA and mixed DNA-RNA 
molecules can also be further ligated together in any combination using the enzyme T4 RNA ligase. Any of 
the above techniques can be employed for the synthesis of probes useful with this invention. 

Radioisotopes, fluorophores. lumiphores (chemilumenescent or biolumeniscent substrates), and en- 
zymes can all be used as reporter groups in catalytic hybridization amplification systems. The fact that the 

45 system produces a large amplification response before the actual detection procedure is carried out, in 
most cases, significantly reduces the demand on the sensitivity of the reporter group being used. Reporters 
can be chosen for convenience in the assay system, or because they are better adapted to the assay 
format (instrumentation versus manual procedures), as well as for greatest sensitivity. 

Radioisotope such as ^^P, ^^0, ^^1, and tritium can be easily incorporated into DNA and RNA probes 

50 with molecular biology techniques, either during synthesis or after completion. Probes synthesized chemi- 
cally can also be labeled with radioisotopes. While radiolabeling has certain advantages for experimental 
and research purposes, it does not appear to be the appropriate method for new tests and assays in the 
clinical laboratory, and is therefore not preferred. 

Nonisotopic labels of choice include: (1) fluorophores such as fluorescein, Texas Red, Lucifer Yellow, 

55 pyrenes, chelated lanthanides, and phycobiliproteins to name a few; (2) lumiphores such as luminol and 
derivatives; and (3) enzymes such as alkaline phosphatase, peroxidase, /3-galacto-sidase, and luciferases to 
name a few. The various enzymes can be used to produce color reactions (alkaline phosphatase, 
peroxidase), fluorescent products (alkaline phosphatase), and luminescence (luciferase). 
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Fiuorophores and lumiphores can be covalently attached to RNA and DNA sequences by a variety of 
techniques. In the case of a nucleic acid probe In which the 3'-ternninal nucleotide is a ribose residue, the 
ribose diol at the 3'-end of the sequence can be oxidized with periodate to fornn a reactive dialdehyde. A 
reductive alkylation reaction can now be carried out where the dialdehyde can form a Schiff's base with a 

5 variety of fluorescent derivatives containing a primary amino group (dansylethylenediamine. N-(1-pyrenesul- 
fonyl)ethylenediamine, 5-((2-amino-ethyl)thiouridylHluoresceln, etc.). Primary amine derivatives of luminol 
and other lumiphores can also be coupled. The Schiff's base adducts can be reduced to a stable secondary 
amine linkage using sodium borohydrlde or sodium cyanoborohydride. Fluorescent derivatives containing 
hydrazine groups (fluorescein thiosemicarbazlde, Texas Red hydrazide, coumarin hydrazide, Lucifer Yellow 

70 CH, etc.) can also be coupled to terminal aldehydes produced by periodate oxidation (see Odom O.W., Jr., 
et al. (1980) Biochemistry 19, 5947-5954). 

In the case of synthetic oligonucleotides, an aliphatic primary amino group can be readily incorporated 
at the 5'-terminal end of the molecule in several ways.^A specially protected phosphoramidite derivative of 
5'-amino-5'-deoxythymidine can be incorporated as the final residue (Smith, L.M. et al. (1985) Nucleic Acids 

15 Research 13. 2399-2412). Primary amines can also be incorporated into oligonucleotides^ via special 
phosphoramfdite derivatives, which can also be added at the last step in the synthetic procedure. Two such 
derivatives are available commercially, one from Applied Blosystems, Inc. (Aminolink 1, Part Number 
400498) and one from ChemGenes, Inc: in which the amino group is protected with the monomethoxytrityl 
group. Once a primary amine is incorporated into the oligonucleotide, a number of amine selective 

20 fluorescent derivatives (fluorescein-5-isothiocyanate, Texas Red, succinimdyl-l-pyrene butyrate, etc.) can 
be easily coupled to the primary amine group under mild conditions. Fluorescent lanthanides (Europium, 
Terbium, etc.) can be incorporated into oligonucleotides by first reacting the primary amine with 
diethylenetriaminepentacetic acid anhydride to produce a chelator for binding the lanthanides. 

Enzyme labels of particular interest include: alkaline phosphatase, peroxidase, i8-galactosidase, glucose 

25 oxidase, bacterial (FMN/NADPH) luciferases, and insect (ATP) luciferases to mention a few. Other labels 
include microperoxidases, functionalized heme derivatives, and other metal chelates with catalytic activity. 
Enzymes can be incorporated into RNA, DNA and mixed RNA-DNA probes using procedures similar to 
those discussed above for fluorescent derivatives. As an example, alkaline phosphatase can be incorporated 
into an oligonucleo-tide probe con taining a 5'-terminal primary amine in the following manner. The primary 

30 amine containing oligonucleotide is reacted with an excess of the bifunctional reagent disuccinimidyl 
suberate (DSS is a highly specific reagent for coupling primary amines under mild conditions) to produce 
the mono adduct with the oligonucleotide. The mono adduct DSS-oiigonucleotide can be easily purified. 
The mono adduct DSS-oligonucleotide is now reacted with alkaline phosphatase under mild conditions. The 
final product "alkaline phosphatase-DSS-5'-oligonucleotide" is purified by gel filtration and ion-exchange 

35 chromatography. The specifics of this coupling procedure are given in Jablonski. E. et al. (1986) Nucleic 
Acid Research 14, 6115-6128. 

In this first ^bodiment of the CHA method. RNaseH is responsible for catalyzing the cleavage of the 
probe once it hybridizes to the target sequence. The enzyme is highly specific; it Is a ribonuclease that 
cleaves only the RNA strand within an RNA:DNA duplex. The enzyme can be obtained from both eukaryotic 

40 and bacterial sources. The E. coll RNaseH enzyme, used in the examples, is a single polypeptide chain of 
about 17.500 molecular weight. The enzyme is very stable, the gene for the protein has been cloned and 
sequenced, and overproducing strains have been constructed which produce the enzyme in large amounts 
(Kanaya, S. and Crouch. R.J. (1983) Journal of Biological Chemistry 258, 1276-1281. For these reasons, its 
use Is generally preferred. For CHA reactions carried out above a^mperature of about 50'C, a more 

45 thermostable form of the enzyme is desirable. Such variants of the enzyme may be isolated from 
thermophilic organisms, or produced by mutagenesis of E. coll RNaseH using recombinant DNA techniques 
(e.g. by the introduction of a suitably positioned disulfide bridge). 

The optimal temperature for carrying out the CHA reaction is generally from about 5 • C to about 25 • C 
below the melting temperature of the probe:target duplex. This provides for a rapid rate of hybridization and 

50 high degree of specificity for the target sequence. Consider, for example, a DNA-RNA-DNA probe 26 
residues in length in which the G plus C fraction is 50%. At a salt concentration of 0.1 M, the predicted 
melting temperature of the probe:target duplex, according to Equation 1, is about 55 'C. The upper limit for 
the CHA reaction temperature is, therefore, about 50*6. Cleavage of the probe near the middle of the 
sequence generates two fragments each of which have melting temperatures of about 25 'C. As noted 

55 above, for these fragments to dissociate rapidly from the target sequence, the CHA reaction temperature 
should be at least 10 *C greater than this value, i.e. equal to or greater than 35 *C. Hence, the optimal range 
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for the CHA reaction temperature with this probe is from about 35 * C to about 50 • C. 

The CHA reaction is usually canrled out for about 15 minutes to about 1 hour. Generally, each molecule 
of the target sequence will turnover between 100 and 1000 times in this period, depending on the length 
and sequence of the probe, and the specific reaction conditions (see Example 1). For each copy of the 

5 target sequence present in the test sample 100 to 1000 molecules of the labeled probe will be cleaved by 
RNaseH. This level of amplification leads to an enormous Increase in sensitivity compared to assays based 
on a stoichiometric hybridization format. Even higher levels of amplification can be obtained by allowing the 
CHA reaction to proceed longer. 

During the CHA reaction, it is necessary to suppress cleavage of the probe, as well as the target 

10 sequence, by nonspecific nucleases. This is important for assays based on standard hybridization formats 
as well. Such nucleases are generally removed from the sample during the isolation of the DNA by heating 
or extraction procedures. A number of inhibitors of single-stranded ribonucleases such as vanadate, Inhibit- 
ACE (5 Prime - 3 Prime. Inc.) and RNAsin. a placental protein, do not affect the activity of RNaseH. In order 
to further protect the probe from nonspecific degradation, it is desirable to include such inhibitors during the 

75 CHA reaction. 

Following the CHA reaction, it is necessary to determine the extent of cleavage of the probe. This is 
usually accomplished by separating the cleavage products bearing the label from the remaining uncleaved 
molecules of the probe. Methods for such separation include, but are not limited to: 

(1) Electrophoresis of the CHA reaction products to separate the cleaved fragments from molecules of 
20 the intact probe on the basis of size. 

(2) The use of strong acids, like trichloroacetic acid, to selectively precipitate the relatively large 
uncleaved labeled probes from the smaller cleaved fragments. 

(3) The incorporation of a high affinity label into the probe, in addition to the reporter group, to provide 
for the separation of the uncleaved probes after the CHA reaction, using an affinity support. 

25 (4) The use of a support material containing a complementary polynucleotide sequence to immobilize the 
uncleaved labeled probe after the CHA reaction is candied out, leaving the cleaved fragments in solution. 
In the first separation method, electrophoresis of the CHA reaction products through a gel matrix is used 
to separate the cleaved fragments bearing the label from the intact probe. The smaller fragments migrate 
through the gel more rapidly than the larger intact molecule. For probes up to about 100 nucleotides in 

30 length a polyacrylamide gel matrix is generally used. For longer probes, polyacrylamide, agarose or a 
composite gel made up of these two components is generally preferred. After the separation has been 
achieved, fragments bearing the reporter group label and the original probe are resolved into separate 
bands which can be readily localized and quantitated. 

The second separation method involving strong acid precipitation is used mainly in those situations in 

35 which a long probe (greater than about 50 nucleotides in length) containing either radioisotope or 
fluorescent labels is cleaved via the CHA process into a number of relatively small labeled fragments (<10 
nucleotides in length). Introduction of a strong acid (trichloroacetic, etc.) into the solution causes the intact 
probe to precipitate, while the smaller cleaved fragments remain in solution. The solution can be centrifuged 
or filtered to remove the precipitate. The supernatant containing the cleaved labeled fragments can now be 

40 quantitated. A more detailed discussion of this method is given in Example 1 , below. 

The third separation method involves a probe labeled with both a high affinity group and a reporter 
group, and an affinity support is used to carry out the separation procedure. The probes used in this case 
can be either an RNA sequence or contain interspersed sequences not cleaved by RNaseH such as a 
mixed DNA-RNA-DNA sequence. The probe is designed with an affinity label (such as biotin, avidin, lectins, 

45 haptens, or antibodies) incorporated at or near one of the terminal positions of the probe. The reporter 
group label (enzyme, fluorophore, lumiphore or radioisotope) is incorporated at or near the opposite terminal 
position. (With a long polynucleotide probe, many or all of the Interspersed sequences not cleavable by 
RNaseH can be labeled with the reporter group). The cleavable portion of the probe sequence, thus, lies 
between the affinity group and the reporter group. A minimum of about 15 nucleotides is necessary 

so between the two labels, with 20 to 50 nucleotides being more Ideal. The same methods as discussed above 
for incorporating reporter group labels into probes are also used for the attachment of affinity labels. In this 
separation procedure it is also necessary to have support material which contains a corresponding affinity 
group which binds specifically and strongly to the affinity label incorporated into the probe. For example, if 
the affinity label biotin is incorporated into the probe, then the appropriate affinity support material should 

55 contain avidin or streptavidin. Many support materials such as glass beads, latex beads, cross-linked 
dextran (Sepharose®) beads, etc. containing covalently linked avidin are commercially available. 

After the CHA reaction is carried out, the support material is added to the sample. Molecules of the 
intact probe bind tightly to the support. Cleaved fragments bearing the reporter group but not the affinity 
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label remain in solution and can be quantitated. 

The fourth separation procedure is in principle very similar to that just described, but employs a nucleic 
acid sequence within the probe not cleaved during the CHA reaction as the affinity label. A complementary 
nucleic acid sequence is attached to a solid support and serves as a catcher sequence. When the cleavage 

5 of the probe during the CHA reaction is mediated by RNaseH, the sequence playing the role as the affinity 
label can be DNA, or an RNA sequence in which the sugar or phosphate groups are modified to prevent 
cleavage by RNaseH. The affinity label sequence is separated from the reporter group by a portion of the 
probe cleaved by RNaseH during the CHA reaction, for example 
5'-DNA-RNA-DNA-(reporter group) 

10 in which case the DNA sequence at the 5'-end of the probe, or a portion thereof, serves as the affinity label. 
An affinity label sequence of 20 to 50 nucleotides in length is most ideal, but longer sequences can also be 
used. Sequences less than 15 nucleotides are least useful. A portion of the affinity label sequence can be 
complementary to the target sequence or it can be a separate appendage attached to the probe. The latter 
is preferred because a generalized catcher sequence can then be used. In this case one set of catcher 

75 beads can be used with many different target specific probes. 

A number of different chemical methods may be used to attach the catcher sequence to a solid 
support, see for example, Gilham, P.T. (1971) Methods of Enzymology, Vol. 21 (Grossman, L. and Moldave, 
K., eds.) pp. 191-197, Academic Press, New York; Potuzak, H. and Dean, P.D.G. (1978) Nucleic Acids 
Research 5. 297-303; Robertson, D.L. and Davidson, N. (1972) Biochemistry ll^, 533-537; and Moss, L.G. et 

20 al. (1981) Journal of Biological Chemistry 256, 12655-12658. 

It is also possible to synthesize the catcher sequence directly on the solid support which later will be used 
in the assay. As noted above, oligonucleotides are generally synthesized from the 3'- to the 5*-end of the 
chain. If the synthesis is carried out on a solid support, the first nucleotide from the 3'-terminal end is 
generally attached to the support via its 3'-hydroxyl group through an ester linkage. Conditions required to 

25 remove protecting groups on the nucleotide bases (treatment with concentrated ammonia at SS'^C for 6 to 
10 hours) cleave this linkage readily. If the oligonucleotide is to remain bound to the support the linkage to 
the 3'-hydroxyl group must be changed to one not cleaved under these conditions. Suitable functional 
groups through which the 3*-0H may be attached include ether linkages, phosphate triesters, phosphate 
diesters and aromatic carbamates. The functional group preferred for simplicity of synthesis is a 0- 

30 cyanoethyl phosphtriester. The attachment is accomplished by the reaction of a 3'-i3-cyanoethyl-N,N- 
diisopropyl phosphoramidite derivative of the first nucleotide (available commercially for all four bases) to a 
solid support containing free OH groups. Such supports can be prepared from a variety of materials 
including glass, polystyrene, latex or cross-linked dextran (Sepharose®) beads, cellulose, or nylon or 
tetrafluoroethylenehomopolymer (teflon®) membranes. After the first nucleotide is attached to the support, 

35 the remaining sequence is synthesized by the normal phosphoramidite method. At the culmination of the 
synthesis, the deblocking procedures convert the /8-cyanolethyl phosphotriester to a phosphodiester through 
which the oligonucleotide remains linked to the support. After a support material is prepared by any of the 
above procedures, the attached oligonucleotide can be extended, if desired, by a number of different 
enzymatic methods, thereby yielding longer nucleotide sequences bound to the support. Suitable proce- 

40 dures include, but are not limited to, addition of nucleotide residues to the fragment with DNA polymerase 
or terminal transferase, and ligation of polynucleotides to the Initial sequence attached to the support using 
DNA or RNA ligase. 

In each of the four separation methods just described, the CHA reaction is first carried out in solution. 
Alternatively, the labeled probe may be attached to a solid support, in which case cleavage of the probe 

45 during the CHA reaction releases fragments bearing the reporter group into solution (see Figure 3). The 
major advantage of this approach is the relative ease of the separation step after the CHA reaction is 
completed: the solid support material containing remaining molecules of the intact probe are simply 
removed from the sample by physical means such as filtration or centrifugation; the cleaved fragments 
bearing the reporter group are left in solution and can be quantitated. Suitable solid support materials 

50 include glass, polystyrene, latex or cross-linked dextran (Sepharose®) beads, cellulose, or nylon or teflon® 
membranes. Magnetized beads can also be used, in which case the beads are separated from the solution 
by the application of a magnetic field. The probe can be attached to the solid support either through a 
covalent or a noncovatent (e.g. biotin-avidin) linkage. A covalent linkage is preferred because of its greater 
stability. Suitable procedures for covalently attaching nucleotide sequences to solid supports by both 

55 chemical and enzymatic methods are described in the preceding paragraph. 

When using the solid support CHA method, it is desirable to first cut the sample DNA into smaller 
fragments so that the target sequence can readily diffuse to the surface of the bead to hybridize with the 
bound probe. This can be accomplished by shearing the DNA through mechanical forces (e.g. sonication) or 
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by cleaving the DNA at specific sites using a restriction enzyme. Alternatively, a small fragment containing 
the target sequence can be synthesized with DNA polymerase using the sample DNA as a template. In this 
procedure an oligonucleotide used as a primer is first hybridized to the sample DNA upstream (i.e. 5*) from 
the target sequence. The primer is then extended across the target sequence (copying the complementary 
strand) using DNA polymerase. The product: 
5*-Primer-Target Sequence 

is then brought into the CHA reaction. It is also possible to repeat the reaction with DNA polymerase a 
number of times to increase the number of copies of the target sequence. Such a procedure is carried out 
in the so-called polymerase chain reaction (Mullis. K.B. et al. (1986) EPA 0 200 362; and Mullis, K.B. (1986) 
EPA 0 201 184). Since target amplification and the CHA method involve entirely separate steps in the assay 
procedure the two can be used In combination. This can be useful to detect a nucleic acid sequence 
present originally in the sample in extremely low copy number. For most diagnostic applications, however, 
the high degree of sensitivity of the CHA method alone is sufficient. 

All of the above discussions on the use of the CHA method have centered around the detection of DNA 
target sequences. In some cases, it may be advantageous to detect RNA target sequences, such as 
ribosomal RNA sequences. This can be readily accomplished with any of the above CHA reaction 
procedures utilizing RNaseH by first synthesizing a complementary DNA (cDNA) copy of the original RNA 
sequence with the enzyme reverse transcriptase. In this procedure, an oligodeoxynucleotide primer is first 
hybridized to the sample RNA upstream (i.e. 5') of the target sequence. With the addition of reverse 
transcriptase and the four deoxynucleotide triphosphates (A, G, T and C), the primer is extended producing 
a cDNA copy of the target RNA. The product: 

5*-Primer-cDNA Target Sequence 
now forms the substrate for the CHA reaction. For a more detailed description of protocols for the use of 
reverse transcriptase see Maniatis, T., Fritsch, E.F., and Sambrook, J., Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory, New York, pp. 128-132, 1982. 

Asecond embodiment of the CHA method will now be described in which a phosphorothioate derivative 

of the target sequence is used as the substrate and a complementary labeled DNA probe is cleaved by a 
restriction enzyme. 

Restriction enzymes recognize a specific DNA sequence, generally 4 to 6 nucleotides in length, and cut 
both strands of the DNA duplex at that site. Several hundred of these enzymes are now known with many 
different recognition sequences. These enzymes generally cannot be used with the CHA method since the 
target sequence, as well as the probe, would be cut. and therefore would be unable to recycle through the 
reaction pathway. However, if the phosphate groups of one of the two strands of a DNA duplex are 
phosphorothioates, rather than normal phosphate diesters, many restriction enzymes (e.g. Ava I. Ava II, Ban 
II, Hind II, Nci I, Pst I, and Pvu I) will cleave only the unmodified strand (Taylor. J.W. et al. (1985) Nucleic 
Acids Research 13, 8749-8764). The phosphorothioate sequence is not cut and hence can serve as a 
catalytic cofactor for cleavage of a complementary, labeled probe by a restriction enzyme. The target 
sequence to be used in such an assay must of course contain the recognition site for the restriction 
enzyme. The modified DNA sequence is prepared from a DNA template using DNA polymerase. If the 
sample is RNA. reverse transcriptase is used. These reactions are carried out as described above, except 
that deoxynucleotide a-thiotriphosphates are used as substrates instead of the normal deoxynucleotide 
triphosphates. Al! four of the deoxynucleotide a-thiotriphosphates are available commercially. Once the 
modified target sequence is prepared, the CHA reaction can be carried out using any of the assay formats 
described above. The same methods for synthesis and labeling of the probe are also applicable. Modified 
DNA or RNA sequences can be incorporated within the probe flanking the restriction enzyme site, but the 
recognition site itself must be composed of DNA. 

All of the various embodiments and formats of the CHA method described thus far provide a linear 
amplification of the signal. Since the concentration of the target sequence remains constant, the velocity of 
the reaction remains unchanged, and the number of molecules of the labeled probe that are cleaved 
increases linearly with time (see Example 1). As mentioned above, the turnover number, i.e. the number of 
molecules of the probe cleaved per target sequence per hour, generally ranges between 100 and 1000. 

CHA reactions can also be carried out in novel manners that produce an exponential amplification, and 
therefore, offer an even greater sensitivity. In general, an exponential response is achieved by coupling two 
or more CHA reactions so as to produce additional copies of the target sequence. A number of different 
exponential CHA formats can be designed. One version of an exponential CHA format is shown in Figure 4. 
In this case, two sets of probe sequences are immobilized on solid supports. The first probe sequence on 
support I contains a cleavable sequence (T') complementary to the original target sequence, and a non- 
cleavable sequence (X). The sequence (X) is complementary to a cleavable sequence (X') immobilized on 
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support II. In the first step of the process, target DNA from the sample hybridizes to the complementary 
cleavable sequence (T') on support I. Once hybridized to the target sequence, (T) is cut, releasing the 
sequence (X) from the support. (/) then diffuses from the support and hybridizes with the cleavable 
sequence (X*) on support \l This cannot occur until PQ is released from the support. Sequences pC) and (X') 

5 while immobilized on two separate macroscopic supports cannot hybridize with one another. Once the 
duplex between PQ and (X*) is formed, (X') is cleaved. This releases a second copy of the target sequence 
which can in turn react with support I and further propagate the reaction. Thus, one cycle of the CHA 
reaction yields two copies of the target sequence; the second cycle yields four copies of the target 
sequence; the third cycle yields eight copies; etc. In the configuration shown, one reporter group label is 

10 released from support II for each molecule of target that is generated in the reaction. It can be shown that 
the amount of the free label released from support II is given by the following formula: 

L = {fiJ2)X(e^' + e-'^^)-A (2) 

75 where A is the initial number of copies of the target present in the sample, k is the square root of the 
product of the turnover numbers for the two separate CHA reactions, and t is time. The first term of the 
expression (A/2 X e'^^) rapidly becomes dominant. The amount of free label increases exponentially with 
time, conferring an extremely high degree of sensitivity to the assay. If the turnover number for each of the 
CHA reactions is only 1 per minute, a single copy of the target sequence will cause 2.4 X 10^ labels to be 

20 released Into solution within 20 minutes. This number can be easily detected with simple fluorescent or 
enzyme labeling groups. Turnover numbers much greater than 1 per minute can be achieved (see Example 
1). Coupled CHA assay systems, thus, provide the capability for single copy target detection with a reaction 
time of only a few minutes. 

Finally, we describe a competition assay based on the CHA method to detect an RNA target sequence. 

25 In this case, both a DNA molecule and a labeled probe are added to the sample to be analyzed (Figure 5). 
The probe sequence (A*) may be composed entirely of RNA or contain interspersed sequences that cannot 
be cleaved by RNaseH. The DNA fragment contains within it a sequence (A) complementary to the labeled 
probe. In the example shown, the central portion of the probe is RNA, and it is flanked on either side by 
DNA sequences. The RNA:DNA duplex formed when (A) and (A') hybridize together forms a substrate for 

30 RNaseH. RNaseH can cleave the labeled probe, releasing the DNA fragment intact which serves as a 
catalyst to further propagate the reaction. This would occur if the target RNA sequence were not present 
within the sample (Figure 5C). If the target RNA sequence were present, this reaction would be inhibited 
(Figure 5B). The target sequence contains the sequence (A'), as well as an adjacent sequence (B*) further 
complementary to the DNA fragment. The DNA fragment thus forms a more stable duplex with the target 

35 sequence than with the probe. This enables the target molecule to compete very effectively for the binding 
of the DNA fragment, and thereby blocks the cleavage of the labeled probe by RNaseH (Figure 58). This 
competitive inhibition of the cleavage of the labeled probe is the basis for the assay. The sensitivity of the 
method may be further enhanced by preventing the RNA-DNA duplex formed with the target sequence from 
being degraded by RNaseH. This may be accomplished by suitably modifying the DNA fragment. We have 

40 found that a variety of modifications of the phosphate backbone of the DNA strand will prevent cleavage of 
the complementary RNA strand by RNaseH. Such modifications include, but are not limited to, substitution 
of the normal phosphate diesters with alkyi or aryl phosphotriesters, or with alkyi or aryl phosphonates. 
These modifications would be incorporated into the DNA molecule used in the assay throughout region B, 
and in all of region A except for that portion which hybridizes to the central RNA sequence of the probe. If 

45 this unmodified sequence within region A is precisely complementary to the RNA sequence within the 
probe, but contains one or more mismatches with respect to the target sequence, only the probe will be 
cleaved by RNaseH. The mismatch(es) within the duplex formed between the DNA strand and the target 
molecule disrupt the helix, thereby, preventing cleavage of the target strand within this region by RNaseH. 
Cleavage of the target strand elsewhere is prevented by the modifications introduced into the phosphate 

50 backbone of the DNA molecule The mismatch(es) would decrease the stability of the duplex formed 
between the target sequence and the DNA molecule somewhat, but, due to the additional sequence 
complementary in region B, the stability of the duplex would remain much greater than that formed with the 
labeled probe. 

The following examples are offered to further illustrate, but not limit, the process, product and 
65 techniques of the invention and serve to establish the unique features of the invention which form the basis 
of its utility. 
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EXAMPLE 1 

Demonstration of Catalytic Hybridization Amplification Mediated by RNaseH 

5 The following example demonstrates the principle of the catalytic hybridization amplification method. 
The target sequence in this case was oligodeoxythymidylic acid of 12 to 18 nucleotide residues in length 
(oligo dTi2-,8' purchased from Pharmacia). The molecule serving as the probe was polynboadenosine 
labeled with tritium (Amersham). The specific activity of the poly rA used in the study was 574 
mCi/nucleotide residue; the chain length varied from about 40 to 140 residues. In the presence of the target 

10 sequence. RNaseH catalyzes the cleavage of the labeled poly rA probe. Oligo dT is then released from the 
duplex intact and recycles repeatedly through the reaction as outlined in Figure 2. 

Cleavage of the poly rA probe catalyzed by RNaseH gas compared under three conditions: in the 
absence of oligo dT; with an equivalent concentration of oligo dT (based on nucleotide residues); and in the 
presence of 1/1000 the concentration of oligo dT. Each reaction was conducted in a final volume of 100 ul 

15 containing 44 picamoles of poly rA (by nucleotide units). 50 mM Tris-HCI buffer pH 8.0. 20 mM KCI. 9 mM 
MgCb. 1 mM 2-mercaptoethanol and 25 ng of bovine serum albumin. The reaction was initiated by the 
addition of 2 3 units of E. coli RNaseH (Bethesda Research Laboratories) and was maintained at 30 'C. 
Aliquots of the reaction mixture were removed at 30 minutes and added to 0.2 ml of a carrier DNA solution 
(0 5 mg/ml of salmon sperm DNA. 0.1 M sodium pyrophosphate and 1 mM ethylenediamine tetraacetic 

20 acid) and 0 3 ml of 10% trichloroacetic acid. Trichloroacetic acid causes the precipitation of higher 
molecular weight nucleic acids over about 10 nucleotides in length. Smaller cleavage products. i.e. 
mononucleotides and short oligonucleotides, remain in solution. After incubation of the samples on ice for 
20 minutes, the precipitated nucleic acids were pelleted by centrifugation at 16,000 X g for 15 minutes. The 
supernatants Containing the cleaved fragments were carefully removed, mixed with scintillation cocktail and 

25 counted for radioactivity. 

In the control sample without oligo dT. less than 0.5% of the poly rA was cleaved in the course of 90 
minutes. In the presence of an equivalent concentration of oligo dT nearly 100% of the poly rA was cleaved 
to trichloroacetic acid soluble fragments within 30 minutes. Cleavage of poly rA in the presence of 1/1000 
the amount of oligo dT was linear over 90 minutes, at which time 21% of the poly rA was cleaved to 

30 trichloroacetic acid soluble fragments. Since oligo dT was present in a concentration sufficient to hybridise 
to only 01% of the poly rA sequence, each molecule of the oligo dT must have recycled through the 
reaction on average, at least 210 times (2.3 times/minute). Since cleavage of the poly rA strand is in some 
cases nonproductive, i.e. does not lead to the release of labeled fragments small enough to remain in 
solution in the presence of trichloroacetic acid, the true turnover number must be even higher. In diagnostic 

35 tests based on the CHA method, turnover numbers exceeding 100/hour provide a great enhancement in 
sensitivity compared to assays based on a stoichiometric hybridization fomnat. 

EXAMPLE 2 

40 Site-Specific Cleavage of /S-Globin mRNA by RNaseH in the Presence of a Complementary DNA Target 
Sequence 

The following is an important example in which the specificity of strand cleavage by RNaseH Is clearty 
demonstrated. RNaseH was shown to cleave /3-Globin mRNA at one unique site when a mixture of both o- 
45 and /3-globin mRNAs was hybridized to a short 25-residue DNA target sequence complementary to a 

portion of the /S-globin mRNA. ... . ^ u 

The oligodeoxynucleotide 5'-TGTCCAAGTGATTCAGGCCATCGTT (CODMB-25) was synthesized by 
the phosphoramidite method using a Beckman automated DNA synthesizer. It is complementary to the 
nucleotide sequence of mouse /S-globin mRNA from residue 269 to 293. Mouse globin mRNA was isolated 

50 from reticulocytes obtained from mice rendered anemic by treatment with phenylhydrazine as described by 
Goosens and Kan (Methods in Enzymology (Antonini. E.. Rossi-Bemardi, L. and Chiancone. E.. eds.) Vol. 
76 pp 805-817. 1981). Two micrograms of the RNA was added to 1.0 nanomoles of CODMB-25 in a final 
volume of 25 microliters containing 10 mM Tris-HCI buffer at pH 7.5. 5 mM MgCb. 25 mM NaCl and 1 mM 
dithiothreitol. The concentration of the oligonucleotide is approximately 100-fold greater than the mRNA on 

55 a molar basis. The reaction was initiated by the addition of 2 units of E. coli RNaseH. and allowed to 
proceed for 30 minutes at 37 'C. The reaction was stopped by extraction of the sample with a 1:1 mixture 
(volume: volume) of chloroform and phenol. The RNA species remaining after digestion with RNaseH were 
then isolated by precipitation with ethanol and analyzed on Northern blots. 
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The RNA samples were reacted with 1 M glyoxal in a 1:1 volume/volume mixture of 10 mM sodium 
phosphate buffer at pH 6.5 and dimethylsulfoxide for 1 hour at 50 • C, and then electrophoresed on a 1 .5% 
agarose gel. The RNAs were transferred from the gel to a Gene Screen Plus filter (DuPont-NEN) by 
capillary blotting according to the method described by the manufacturer. Prehybridlzation of the filter was 

5 done in 1% sodium dodecylsulfate. 1 M NaCI, 10% dextran sulfate, 50 mM sodium phosphate pH 6.5 for 2 
hours at 35 • C. The filter was then hybridized with either an a-or ^S-globin specific oligonucleotide probe. 
The probes were 25 residues In length and hybridize to the very 5*-end of the respective RNAs. 
Hybridization was conducted in 5 ml of the prehybridlzation buffer containing 200 microgram/ml denatured 
salmon sperm DNA plus 2 X 10^ counts/min of the probe, radiolabeled with ^^P at the 5*-end of the 

io molecule, for 24 hours at 35 'C. After the hybridization, the filter was washed In the following order: once In 
2X SSC (IX SSC = 0.15 M NaCI, 0.015 M sodium citrate) for 5 minutes at room temperature, twice in 2X 
SSC plus 1% sodium dodecylsulfate for 30 minutes at 35 'C, and once in 0.1X SSC for 5 minutes at room 
temperature. The filter was blotted dry and exposed to Kodak® XAR-5 film for autoradiography. 

In the absence of oligonucleotide, no cleavage of either a- or /3-globin mRNA occurred during the 

15 reaction with RNaseH. The a- or /3-globin specific probes each hybridized to a single band on the Northern 
blots corresponding to the full length mRNA. The reaction In the presence of CODMB-25 resulted In 
essentially complete cleavage of the i8-globin mRNA. The size of the cleavage product detected with the 5'- 
/3-globin specific probe was exactly that predicted for scission of the mRNA at the site of the RNA:DNA 
duplex, I.e. 280 +/- 20 nucleotides. No other cleavage products were observed. In addition, no cleavage of 

20 the a-globin mRNA was evident using the a-globin specific oligonucleotide probe. RNaseH, thus, has the 
requisite specificity for use In diagnostic tests based on the CHA method. An RNA sequence used as probe 
will be cleaved by the enzyme if, and only If, it encounters the complementary target DNA sequence within 
the sample; and free single stranded molecules of the probe not hybridised to the target sequence will not 
be cut. 

25 . 

EXAMPLE 3 

Detection of Cytomegalovirus Using a CHA Method 

30 Cytomegalovirus (CMV) is a large double-stranded DNA virus. Infection with CMV is clinically very 
Important In immunocompromised patients. It is the most prevalent serious Infectious disease complication 
following renal transplantation. 

The following illustrates the use of the CHA method to detect CMV. The probe used is a CMV specific 
sequence 25 nucleotides In length derived from the major immediate early gene: 

35 5'-TCTTGGCAGAGGACTCCATCGTGTC 

The central six residues are RNA; the flanking sequences are composed of DNA. The probe is linked to 
latex beads at the 3'-end of the sequence. Alkaline phosphatase Is attached at the 5'-terminal position. DNA 
is isolated from blood, urine and sputum samples obtained from the patient. The assay for CMV in each of 
these samples is carried out by the CHA method shown In Figure 3. Cleavage of the labeled probe Is 

40 mediated by E. coll RNaseH (5 units/100 microliters). The CHA reaction Is carried out for a period of 45 
minutes at a temperature of about 40 *C. RNasIn (50 units/100 microliters) Is added to the reaction mixture 
to suppress nonspecific cleavage of the probe. If CMV is present within the sample, the target sequence will 
hybridise to the probe, and the probe will be cleaved by RNaseH. Repeated cycling of the target sequence 
through the reaction pathway enables each copy of the target sequence to capture and promote the 

45 cleavage of many molecules of the labeled probe. Following the CHA reaction, the extent of cleavage of the 
probe is quantltated by measuring the amount of the reporter group, i.e. alkaline phosphatase, released into 
solution. The beads are first removed from the sample by filtration or centrifugation. The alkaline 
phosphatase label on the probe fragments in solution is then measured using either a colorimetric or 
fluorescent producing reagent detection system. The enzyme can be assayed spectrophotometrlcally at 405 

50 nm by following the hydrolysis of the substrate p-nltrophenyl phosphate to the colored product p-nitrophenol 
at pH 8.5. Alternatively, the enzyme can be measured fluorometrlcally using the substrate 4-methylumbeI- 
llferyl phosphate. The fluorescent excitation and emission wavelengths used for the assay are 363 nm and 
447 nm, respectively. The final color or fluorescent signal provides a measure of the amount of CMV 
present in the original sample. 

55 In summary, the results of the studies presented demonstrate the utility of the CHA method as a means 
for the detection of specific nucleic acid sequences. In such assay systems, the target sequence serves as 
a cofactor for a catalytic reaction In which a complementary, labeled nucleic acid probe is cleaved. Each 
molecule of the target sequence Is thus able to capture and promote the cleavage of multiple copies of the 
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probe. This results in a large increase in the level of sensitivity of the method compared to current 
diagnostic tests, all of which are based on a stiochiometric hybridization reaction in which the target 
sequence is able to bind one. and only one, molecule of the probe. As in the examples described, cleavage 
of the probe must occur only when hybridized to the target sequence. The target sequence is then released 
from the duplex Intact and repeatedly recycles through the reaction pathway. Formats are provided for use 
of the CHA method in both direct and competition assays. In general, a detection system based on a single 
CHA reaction provides a linear amplification of signal with time. By coupling two or more CHA reactions 
together in an appropriate manner, an exponential amplification of signal can be achieved, giving rise to an 
even greater level of sensitivity. 

It therefore can be seen that the invention accomplishes all of the objectives heretofore stated. 

Claims 

1. A method of detecting nucleic acid sequences in which said sequences serve as a cof actor for a 
catalytic reaction in which a complementary labeled nucleic acid probe is cleaved and detected, said 
method comprising: 

hybridizing of a target sequence to a labeled nucleic acid probe to provide a probe: target 

sequence duplex; 

cleaving of the labeled probe within the probe:target sequence duplex to release the target 
sequence intact; 

recycling of the target sequence repeatedly through the reaction pathway; and 
detecting the extent of cleavage of the labeled probe. 

2. A method as claimed in claim 1, wherein said detection method is used for the diagnosis of a disease 
or genetic trait in man or other species. 

3. A method as claimed in claim 1, wherein said detection method is used to identify a nucleic acid 
sequence in an industrial or agricultural process. 

4. A method as claimed in claim 1,2 or 3, wherein said nucleic acid probe is labeled with a radioactive, 
fluorescent, electrochemical, luminescent or enzyme marker, or other reporter group to permit its 
detection. 

5. A method as claimed in any preceding claim, wherein the extent of cleavage of the probe is determined 
by electrophoretic separation of the smaller cleavage fragments can7ing the labeling group from the 
remaining molecules of the intact probe. 

6. A method as claimed in any one of claims 1 to 4, wherein the extent of cleavage of the probe is 
determined by using strong acids such as trichloroacetic acid to selectively precipitate the larger 
uncleaved molecules of the probe, leaving the smaller cleaved fragments bearing the label in solution. 

7. A method as claimed in any preceding claim, wherein the probe is modified with both a high affinity 
label and a reporter group, and in which a solid support to which a corresponding affinity group is 
attached is used to adsorb molecules of the intact probe, leaving the cleaved fragments bearing the 
label in solution, said method comprising the additional steps of: 

adding of solid support material to the sample following the hybridizing and cleaving reaction; 
associating of the high affinity label attached to the probe with the corresponding affinity group on 
the solid support; 

separating of the solid support from the solution containing the cleaved fragments of the probe 
bearing the reporter group; and 

detection of the reporter groups in solution. 

8. A method as claimed in claim 7, in which said solid support is composed of latex, polystyrene, cross- 
linked dextran or glass beads, cellulose, or a tetrafluoroethylene homoploymer or nylon membrane. 

9. A method as claimed in claim 7 or 8 in which said solid support is magnetized and the solid support is 
separated from the bulk solution by the application of a magnetic field. 
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10. A method as claimed in claim 7. 8 or 9, wherein said affinity label is a nucleic acid sequence not 
cleaved in the hybridization and cleavage reaction and the corresponding affinity group attached to the 
solid support is a complementary nucleic acid sequence. 

5 11. A method as claimed in any preceding claim wherein said labeled probe is attached to a solid support 
during the hybridization and cleavage reaction and cleaved fragments bearing the reporter group are 
released into solution. 

12. A method as claimed in any preceding claim for detection of a DNA sequence, in which cleavage of the 
10 labeled probe is mediated by an enzyme with RNaseH activity. 

13. A method as claimed in claim 12 in which nonspecific cleavage of the labeled probe is suppressed by 
the use of single-stranded ribonuclease inhibitors. 

15 14. A method as claimed in claim 12 or 13, wherein the labeled probe is cleaved by a heat stable form of 
RNaseH. 

15. A method as claimed in claim 12 wherein the labeled probe is an oligonucleotide from 15 to 50 
nucleotides in length. 

20 

16. A method as claimed in claim 15, wherein said oligonucleotide is composed entirely of RNA. 

17. A method as claimed in claim 15, wherein said oligonucleotide contains one or more interspersed 
sequences that are not cleavable by RNaseH. 

25 

18. A method as claimed in claim 15, wherein an oligonucleotide composed of a DNA-RNA-DNA sequence 
is used as the probe. 

19. A method as claimed in claim 18, wherein said DNA-RNA-DNA probe is used to detect a point mutation 
30 such as occurs in sickle cell disease. 

20. A method as claimed In claim 12, wherein the labeled probe is a polynucleotide from 50 to several 
thousand nucleotides in length. 

35 21. A method as claimed in claim 20, wherein said polynucleotide is composed entirely of RNA. 

22. A method as claimed in claim 20, wherein said polynucleotide contains one or more interspersed 
sequences that are not cleavable by RNaseH. 

40 23. A method as claimed in claim 1 for detection of an RNA sequence in which the sample RNA is first 
used as template for the synthesis of a complementary DNA copy of the target sequence with reverse 
transcriptase, said method comprising: 

hybridizing of a DNA primer to the sample RNA 5* to the target sequence; 
extending of the primer with reverse transcriptase across the target sequence to produce a 
45 complementary DNA copy of the target sequence; and detecting of the complementary DNA copy. 

24. A method as claimed in claim 23, In which the hybridization and cleavage method is based on cleavage 
of a labeled probe by an enzyme with RNaseH activity. 

50 25. A method as claimed in claim 23 or 24, in which a phosphorothioate derivative of the complementary 
DNA copy of the target sequence is synthesized with reverse transcriptase using deoxynucleotide a- 
thiotriphosphates as substrates for the reaction such that the phosphate groups of the DNA strand 
synthesized are phosphorotioates rather than the naturally occurring phosphodiesters. 



55 26. 



A method as claimed in claim 25, in which the hybridization and cleavage method is based on cleavage 
of a labeled probe by an enzyme with RNaseH activity. 
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27. A method as claimed In claim 25. In which the hybridization and cleavage method is based on cleavage 
of a labeled DNA probe by a restriction enzyme, said method comprising: 

hybridizing of the phosphorothloate derivative synthesized to a complementary labeled DNA probe; 
cleaving of the labeled probe within the probe.phosphorotioate DNA duplex by a restriction enzyme 
5 at Its recognition site to release the phosphorothloate strand intact; 

recycling of the phosphorothloate strand repeatedly through the reaction pathway; and 
detecting of the extent of cleavage of the probe following the reaction. 

28. A method as claimed in claim 1 for detecting of a DNA sequence in which a copy of the target 
10 sequence Is first synthesized with DNA polymerase using the sample DNA as a template, said method 

comprising: 

denaturing the sample DNA; 

hybridizing of a DNA primer to the sample DNA 5' to the target sequence; 
extension of the primer with DNA polymerase across the target sequence to produce a copy of the 
75 complementary DNA strand; 

detecting of the DNA copy. 

29. A method as claimed in claim 28, in which a phosphorothloate derivative of the copy of the target 
sequence Is synthesized with DNA polymerase using deoxynucleotide a-thlotrlphosphates as substrates 

20 for the reaction such that the phosphate groups of the DNA strand synthesized are phosphorothioates 
rather than the naturally occurring phosphodiesters. 

30. A method as claimed In claim 29, in which the hybridization and cleavage method Is based on cleavage 
of a labeled probe by an enzyme with RNaseH activity. 

25 

31. A method as claimed In claim 29. in which the hybridization and cleavage method is based on cleavage 
of a labeled DNA probe by a restriction enzyme, said method comprising: 

hybridization of the phosphorothloate derivative synthesized to a complementary labeled DNA 
probe; 

30 cleavage of the labeled probe within the probe:phosphorothioate DNA duplex by a restriction 

enzyme at Its recognition site; 

release of the phosphorothloate strand intact; 

recycling of the phosphorothioate strand repeatedly through the reaction pathway; and 
detection of the extent of cleavage of the probe following the reaction. 

35 

32. A method as claimed in claim 1 , in which two or more hybridization and cleavage reactions are coupled 
to achieve an exponential amplification of signal. 

33. A method for detection of an RNA sequence using a competition assay, said method comprising: 
40 hybridization of the sample RNA to a DNA molecule complementary to the target sequence; 

addition of a labeled RNA probe complementary to said DNA molecule plus an enzyme with 
RNaseH activity to the test sample; 

incubation of the test sample to allow the hybridizing and cleaving reaction to proceed; and 
measuring of the extent of cleavage of the RNA probe. 

45 

34. A method as claimed In claim 33. wherein said DNA molecule contains one segment complementary to 
both the target RNA sequence and the labeled probe and a second segment complementary to just the 
target sequence. 

50 35. A method as claimed In claim 34, wherein the DNA molecule contains a sequence at least 4 
nucleotides in length in which the phosphate groups are unmodified, and the remaining phosphate 
groups are modified so as to prevent cleavage of the complementary target and probe RNA sequences 
by RNaseH. 

55 36. A method as claimed in claim 33, In which said DNA molecule Is complementary to the labeled probe 
but forms a duplex with the target RNA sequence with one or more mismatches, such that cleavage of 
the target RNA sequence by RNaseH is inhibited. 
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37 A probe useful for carrying out the metfiod as claimed in any preceding claim, made of an 
oligonucleotide 15 to 50 nucleotides in length containing an RNA sequence and one or more additional 
sequences not cleavable by RNaseH. 

38 A probe as claimed in claim 37. in which said RNA sequence is from 3 to 15 nucleotides in length, and 
in which the oligonucleotide is labeled at or near the 5'- or 3'-end of the chain with a radioactive, 
fluorescent, electrochemical, luminescent or enzyme marker, or other reporter group. 

39. A probe as claimed in claim 38. in which the oligonucleotide is further modified with a high affinity 
group at or near the opposite end of the chain from which said reporter group is attached. 

40. A probe useful for carrying out the method as claimed in any one of claims 1 to 35, made of a 
polynucleotide from 50 to several thousand nucleotides in length composed of RNA plus one or more 
interspersed sequences that are not cleavable by RNaseH. 

41. A probe as claimed in claim 40. in which the stretches of RNA sequence are 3 nucleotides in length or 
greater, and in which one or more of the interspersed sequences not cleavable by RNaseH is labeled 
with a radioactive, fluorescent, electrochemical, luminescent or enzyme marker, or other reporter group. 

20 Patentansprilche 

1. Verfahren zum Nachweis von Nukleinsauresequenzen, bei dem besagte Sequenzen als ein Cofaktor fUr 
eine katalytische Reaktion dienen. in der eine komplementSre markierte NukleinsSuresonde gespalten 
und nachgewiesen wird, wobei besagtes Verfahren umfaBt: 

25 Hybridisieren einer Zielsequenz an eine markierte NukleinsSuresonde. urn eine Sonden/Zielsequenz- 
Duplex bereitzustellen; 

Spalten der markierten Sonde innerhalb der Sonden/Zielsequenz-Duplex. urn die Zielsequenz intakt 
freizusetzen; 

wiederholtes FUhren der Zielsequenz im Kreislauf durch den Reaktionsweg; und 
30 Nachweis des Umfangs der Spaltung der markierten Sonde. 

2. Verfahren wie beanspnicht in Anspruch 1. wobei besagtes Nachweisverfahren fUr die Diagnose einer 
Erkrankung oder eines genetischen Merkmals bei Menschen Oder anderen Spezies verwendet wird. 

3. Verfahren wie beansprucht in Anspruch 1. wobei besagtes Nachweisverfahren venwendet wird, um eine 
NukleinsSuresequenz in einem industriellen Oder landwirtschaftlichen Verfahren zu identifizieren. 

4. Verfahren wie beansprucht in Anspruch 1. 2 oder 3, wobei besagte Nukleinsauresonde mit einer 
anderen radioaktiven, fluoreszierenden, elektrochemischen. lumineszierenden oder Enzym-Markierung 
Oder einer Reporter-Gruppe markiert wird, um ihren Nachweis zu ermoglichen. 

5. Verfahren wie beansprucht in irgendeinem vorangehenden Anspruch, wobei der Umfang der Spaltung 
der Sonde durch elektrophoretische Trennung der kleineren Spaltungsfragmente, die die Mariderungs- 
gnjppe tragen, von den restlichen MolekQIen der intakten Sonde bestimmt wird. 

6. Verfahren wie beansprucht in einem der AnsprUche 1 bis 4. wobei der Umfang der Spaltung der Sonde 
bestimmt wird. indem starke SSuren. wie etwa Trichloressigsaure, venwendet werden, um die groBeren, 
nicht-gespaltenen MolekOle der Sonde selektiv auszufSllen, was die kleineren gespaltenen Fragmente, 
die die Markierung tragen, in Losung zurQcklaBt. 

7. Verfahren wie beansprucht in irgendeinem vorangehenden Anspruch, wobei die Sonde sowohl mit einer 
Markierung mit hoher Affinitat als auch mit einer Reporter-Gruppe modifiziert wird und bei dem ein 
fester TrSger. an den eine entsprechende AffinitStsgruppe gebunden ist, verwendet wird, um MoIekOle 
der intakten Sonde zu adsorbieren. was die gespaltenen Fragmente, die die Markierung tragen. in 
Losung zurUcklSBt. wobei besagtes Verfahren die zusStzlichen Schritle umfaBt: 
Zugeben eines festen Tragermaterials zur Probe im AnschluB an die Hybridisierungs- und Spaltungsre- 

aktion; . 
Assoziieren der Markierung mit hoher AffinitSt. die an die Sonde mit der entsprechenden Affinitatsgrup- 
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pe auf dem festen Trager gebunden 1st; 

Trennen des festen Tragers von der Losung. die die gespaltenen Fragmente der Sonde enthSIt, die die 

Reporter-Gruppe tragen; und 

Nachweis der Reporter-Gruppen in Losung. 

a Verfahren wie beansprucht in Anspruch 7, bei dem besagter fester Trager aus Latex. Polystyrol. 
vernetztem Dextran oder Glasperlen, Cellulose oder einer Tetrafluorethylen-Homopolymer- Oder Nylon- 
membran besteht. 

9. Verfahren wie beansprucht in Anspruch 7 oder 8, bei dem besagter fester Trager magnetislert ist und 
der teste Trager von der Hauptlosung durch das Aniegen eines Magnetfeldes getrennt wird. 

10. Verfahren wie beansprucht nach Anspruch 7, 8 oder 9, wobei besagte Affinitatsmarkierung eine 
Nukleinsauresequenz ist. die in der Hybridisierungs- und Spaltungsreaktion nicht gespalten wird, und 
die entsprechende Affinitatsgruppe, die an den festen TrSger gebunden ist, eine komplementare 
Nukleinsauresequenz ist. 

11. Verfahren wie beansprucht in irgendeinem vorangehenden Anspruch, wobei besagte markierte Sonde 
wahrend der Hybridisierungs- und Spaltungsreaktion an einen festen Trager gebunden wird und 
gespaltene Fragmente. die die Reporter-Gruppe tragen, in Losung hinein freigesetzt werden. 

12. Verfahren wie beansprucht in irgendeinem vorangehenden Anspruch, zum Nachweis einer DNA- 
Sequenz, be! dem Spaltung der markierten Sonde indirekt durch ein Enzym mit RNaseH-Aktivitat 
bewirkt wird. 

13. Verfahren wie beansprucht in Anspruch 12. bei dem nicht-spezifische Spaltung der markierten Sonde 
durch die Verwendung einzeistrSngiger Ribonuklease-lnhibitoren unterdrUckt wird. 

14. Verfahren wie beansprucht in Anspruch 12 oder 13, wobei die markierte Sonde durch eine wSrmestabi- 
le Form von RNaseH gespalten wird. 

15. Verfahren wie beansprucht In Anspruch 12. wobei die markierte Sonde ein mit von 15 bis 50 Nukleotide 
langes Oligonukleotid ist. 

16. Verfahren wie beansprucht in Anspruch 15, wobei besagtes Oligonukleotid vollstSndlg aus RNA 
besteht. 

17. Verfahren wie beansprucht in Anspaich 15, wobei besagtes Oligonukleotid eine oder mehrere einge- 
streute Sequenzen enthSIt, die nicht durch RNaseH spaltbar sind. 

18. Verfahren wie beansprucht in Anspruch 15. wobei ein Oligonukleotid, das aus einer DNA-RNA-DNA- 
Sequenz besteht, als die Sonde verwendet wird. 

19. Verfahren wie beansprucht in Anspruch 18, wobei besagte DNA-RNA-DNA-Sonde ven^vendet wird. um 
eine Punktmutation nachzuweisen, wie sie bei SichelzellenanSmie auftritt. 

20. Verfahren wie beansprucht in Anspruch 12. wobei die markierte Sonde ein von 5 bis mehrere Tausend 
Nukleotiden langes Polynukleotid Ist. 

21. Verfahren wie beansprucht in Anspruch 20. wobei besagtes Polynukleotid vollstandig aus RNA besteht. 

22. Verfahren wie beansprucht in Anspruch 20. wobei besagtes Polynukleotid eine oder mehrere einge- 
streute Sequenzen enthSIt, die nicht von RNaseH spaltbar sind. 

23. Verfahren wie beansprucht in Anspruch 1. zum Nachweis einer RNA-Sequenz. bei dem die Proben- 
RNA zunSchst als Matrize fOr die Synthese einer komplementaren DNA-Kopie der Zielsequenz mit 
Reverser Transkriptase verwendet wird, wobei besagtes Verfahren umfaBt: 

Hybridisieren eines DNA-Primers an die Proben-RNA 5' zur Zielsequenz; 
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Extendleren des Primers mit Reverser Transkriptase uber die Zielsequenz, urn eine komplementare 
DNA-Kopie der Zielsequenz herzustellen; und 
Nachweis der komplementaren DNA-Kopie. 

5 24. Verfahren wie beanspruCht In Anspruch 23, bei dem das Hybrldisierungs- und Spaltungsverfahren auf 
der Spaltung einer markierten Probe durch ein Enzym mit RNaseH-AktivitSt beruht. 

25. Verfahren wie beansprucht in Anspruch 23 Oder 24, bei dem ein Phosphorothioat-Derivat der komple- 
mentaren DNA-Kopie der Zielsequenz mit Reverser Transkriptase unter Verwendung von 

70 Desoxynukleotid-a-Thiotriphosphaten als Substraten fur die Reaktion synthetisiert wird, so dafi die 
Phosphatgruppen des synthetisierten DNA-Stranges Phosphorothioate statt der naturllch auftretenden 
Phosphodiester sind. 

26. Verfahren wie beansprucht in Anspruch 25, bei dem das Hybrldisierungs- und Spaltungsverfahren auf 
15 der Spaltung einer markierten Sonde durch ein Enzym mit RNaseH-Aktivit9t beruht. 

27. Verfahren wie beansprucht in Anspruch 25. bei dem das Hybrldisierungs- und Spaltungsverfahren auf 
der Spaltung einer markierten DNA-Sonde durch ein Restriktionsenzym beruht. wobei besagtes 
Verfahren umfafit: 

20 Hybridisieren des synthetisierten Phosphorothioat-Derivats an eine komplementSre markierte DNA- 
Sonde; 

Spalten der markierten Sonde innerhalb der Sonden/Phosphorothioat-DNA-Duplex durch ein Restrik- 
tionsenzym an seiner Erkennungsstelle. um den Phosphorothioat-Strang intakt freizusetzen; 
wiederholtes Fuhren des Phosphorothloat-Stranges im Kreislauf durch den Reaktionsweg; und 
25 Nachweis des Umfangs der Spaltung der Sonde im AnschluB an die Reaktion. 

28. Verfahren wie beansprucht in Anspruch 1, zum Nachweis einer DNA-Sequenz. bei dem eine Kopie der 
Zielsequenz zunachst mit DNA-Polymerase unter Venrt^endung der Proben-DNA als einer Matrize 
synthetisiert wird, wobei besagtes Verfahren umfafit: 

30 Denaturieren der Proben-DNA; 

Hybridisieren eines DNA-Primers an die Proben-DNA 5* zur Zielsequenz; 

Extension des Primers mit DNA-Polymerase uber die Zielsequenz, um eine Kopie des komplementaren 
DNA-Stranges herzustellen; 
Nachweis der DNA-Kopie. 

35 

29. Verfahren wie beansprucht in Anspruch 28, bei dem ein Phosphorothioat-Derivat der Kopie der 
Zielsequenz mit DNA-Polymerase unter Verwendung von Desoxynukleotid-a-Thiotriphosphaten als 
Substraten fUr die Reaktion synthetisiert wird, so daB die Phosphatgruppen des synthetisierten DNA- 
Stranges Phosphorothioate statt der natUrllch auftretenden Phosphodiester sind. 

40 

30. Verfahren wie beansprucht in Anspruch 29. bei dem das Hybrldisierungs- und Spaltungsverfahren auf 
der Spaltung einer markierten Sonde durch ein Enzym mit RNaseH-AktivitSt beruht. 

31. Verfahren wie beansprucht in Anspruch 29, bei dem das Hybrldisierungs- und Spaltungsverfahren auf 
45 der Spaltung einer markierten DNA-Sonde durch ein Restriktionsenzym beruht, wobei besagtes 

Verfahren unfaBt: 

Hybridisierung des synthetisierten Phosphorothioat-Derivats an eine komplementSre markierte DNA- 
Sonde; 

Spaltung der markierten Sonde innerhalb der Sonden/Phosphorothioat-DNA-Duplex durch ein Restrik- 
50 tionsenzym an seiner Erkennungsstelle; 

Freisetzung des intakten Phosphorothioat-Stranges; 

wiederholtes Fuhren des Phosphorothioat-Stranges im Kreislauf durch den Reaktionsweg; und 
Nachweis des Umfangs der Spaltung der Sonde im AnschluB an die Reaktion. 



55 32. 



Verfahren wie beansprucht in Anspruch 1 . bei dem zwei oder mehr Hybridisierungs- Oder Spaltungsre- 
aktionen gekoppelt werden. um eine exponentielle SignalverstSrkung zu erreichen. 
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33. Verfahren zum Nachweis einer RNA-Sequenz unter Verwendung eines Kompetitions-Tests, wobel 
besagtes Verfahren umfaBt: 

Hybridisierung der Prbben-RNA an ein zur Zielsequenz komplementares DNA-Molekul; 

Zugabe einer zu besagtem DNA-Molekul komplementaren, marklerten RNA-Sonde plus eines Enzyms 

mit RNaseH-Aktlvitat zur Testprobe: 

Inkubation der Testprobe, urn das Fortschreiten der Hybridlsierungs- und Spaltungsreaktlon zu ermogli- 
chen; und 

Messen des Umfangs der Spaltung der RNA-Sonde. 

34. Verfahren wie beansprucht in Anspruch 33. wobel besagtes DNA-Molekul ein zu sowohl der Ziel-RNA- 
Sequenz als auch der markierten Sonde komplementares Segment und ein zweites. nur zur Zielse- 
quenz komplementares Segment enthalt. 

35. Verfahren wie beansprucht in Anspruch 34, wobei das DNA-MolekUl eine wenigstens 4 Nukleotide 
lange Sequenz enthalt. in der die Phosphatgruppen nicht-modifiziert sind. und die restlichen Phosphat- 
gruppen modifiziert sind. um Spaltung der komplementaren Ziel- und Sonden-RNA-Sequenzen durch 
die RNaseH zu verhindern. 

36. Verfahren wie beansprucht in Anspruch 33, bei dem besagtes DNA-Molekul zu der markierte Sonde 
komplementar ist. aber mit der Ziel-RNA-Sequenz eine Duplex mit einem Oder mehreren Mismatches 
bildet, so daB Spaltung der Ziel-RNA-Sequenz durch RNaseH gehemmt ist. 

37. Zur DurchfOhrung des Verfahrens. wie beansprucht in irgendeinem vorangehenden Anspruch, brauch- 
bare Sonde, hergestellt aus einem 15 bis 50 Nukleotide langen Oligonukleotid, das eine RNA-Sequenz 
und eine Oder mehrere zusatzliche Sequenzen enthalt, die nicht von RNaseH spaltbar sind. 

38. Sonde wie beansprucht in Anspruch 37. in der besagte DNA-Sequenz von 3 bis 15 Nukleotide lang ist 
und in der das Nukleotid an oder nahe dem 5'- oder 3*-Ende der Kette mit einer radioaktiven, 
fluoreszierenden. elektrochemischen. lumineszierenden oder Enzym-Markierung oder einer anderen 
Reporter-Gruppe markiert Ist. 

39. Sonde wie beansprucht in Anspruch 38. in der das Oligonukleotid auBerdem mit einer Gruppe mit 
hoher Affinitat an oder nahe dem entgegengesetzten Ende der Kette zu demjenigen an das besagte 
Reporter-Gruppe gebunden ist, modifiziert ist. 

40. Zur Durchfuhrung des Verfahrens, wie in einem der Anspruche 1 bis 35 beansprucht, brauchbare 
Sonde, hergestellt aus einem von 50 bis mehrere Tausend Nukleotide langen Polynukleotid, das aus 
RNA plus einer oder mehreren eingestreuten Sequenzen besteht, die nicht von RNaseH spaltbar sind. 

41. Sonde wie beansprucht in Anspruch 40. in der die Strecken der RNA-Sequenz 3 Nukleotide lang oder 
langer sind und in der eine oder mehrere der eingestreuten Sequenzen. die nicht durch RNaseH 
spaltbar sind, mit einer radioaktiven, fluoreszierenden. elektrochemischen. lumineszierenden oder 
Enzym-Markierung oder einer anderen Reporter-Gruppe markiert sind. 

Revendications 

1. M^thode de detection de sequences d'acides nucl6iques, dans laquelle lesdites sequences servent de 
cofacteur pour une reaction catalytique dans laquelle una sonde d'acide nucleique marquee comple- 
mentaire est clivee et detectee. ladite methode comprenant : 

rhybridation d'une sequence-cible a une sonde d'acide nucleique marquee pour produire un 
duplex sonde:sequence-cible ; 

le clivage de la sonde marquee a rinterieur du duplex sonde:sequence-cible pour Ilb6rer la 

s^quence-cible intacte ; 

le recyclage de la sequence-cible de maniere repetee dans le processus r^actionnel ; et 
la detection du degre de clivage de la sonde marquee. 

2. Methode suivant la revendication 1, ladite methode de detection etant utilisee pour le diagnostic d'une 
maladie ou d'un caract§re g^netique chez Thomme ou d'autres espfeces. 
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3. Procede suivant la revendication 1, ladite methode de detection etant utilisee pour ridentification d'une 
sequence d'acide nucleique dans un processus industriel ou agricole. 

4. Procede suivant la revendication 1, 2 ou 3, dans lequel la sonde d'acide nucleique est marquee avec 
5 un marqueur radlo-actif. fluorescent, §lectrochimique. luminescent ou enzymatlque. ou blen avec un 

autre groupe reporter pour permettre sa detection. 

5. Methode suivant Tune quelconque des revendications precedentes, dans laquelle le degre de clivage 
de la sonde est determine par separation electrophoretique des fragments de clivage plus petits portant 

10 le groupe de marquage des molecules restantes de la sonde intacte. 

6. Methode suivant Tune quelconque des revendications 1 a 4, dans laquelle le degre de clivage de la 
sonde est determine en utilisant des acides forts tels que Tacide trichloracetique pour precipiter 
s6lectivement les molecules non cliv6es plus volumineuses de la sonde, en laissant les fragments 

75 dives plus petits portant le marqueur en solution. 

7. Methode suivant Tune quelconque des revendications precedentes. dans laquelle la sonde est modifiee 
a la fois avec un marqueur a forte affinite et un groupe reporter, et dans laquelle un support solide 
auquel est fixe un groupe doue d'affinite correspondant est utilise pour adsorber des molecules de la 
sonde intacte. en laissant les fragments cliv§s portant le marqueur en solution, ladite methode 
comprenant les Stapes supplementaires : 

d'addition d'une matiere solide de support a Techantillon apres la reaction d'hybridation et de 
clivage ; 

d'association du marqueur k forte affinite fix6 h la sonde avec le groupe doue d'affinite correspon- 
dant sur le support solide ; 

de separation du support solide de la solution contenant les fragments dives de la sonde portant le 
groupe reporter ; et 

de detection des groupes reporter en solution. 

30 8. Methode suivant la revendication 7, dans laquelle le support solide est constitue d'un latex, d'un 
polystyrene, d'un dextrane reticuie ou de billes de verre. de cellulose, d'un homopolymere de 
tetrafluorethylfene ou d'une membrane de Nylon. 

9. Methode suivant la revendication 7 ou 8, dans laquelle le support solide est aimante et ledit support 
35 solide est separe de la masse de solution par application d'un champ magnetique. 

10. Methode suivant la revendication 7, 8 ou 9. dans lequel le marqueur doue d'affinite est une sequence 
d'adde nucleique non dive dans la reaction d'hybridation et de clivage et le groupe doue d'affinite 
correspondant fixe au support solide est une sequence d'acide nucleique compiementaire. 

40 

11. Methode suivant I'une quelconque des revendications precedentes, dans laquelle la sonde marquee est 
fixee a un support solide au cours de la reaction d'hybridation et de clivage et les fragments dives 
portant le groupe reporter sent liberes dans la solution. 

45 12. Methode suivant I'une quelconque des revendications precedentes pour la detection d'une sequence 
d'ADN, dans laquelle le clivage de la sonde marquee s'effectue par mediation avec un enzyme a 
activite de RNaseH. 

13. Methode suivant la revendication 12, dans laquelle le clivage non specifique de la sonde marquee est 
60 supprime par I'utilisation d'inhibiteurs de ribonuciease ^ action sur les brins simples. 

14. Methode suivant la revendication 12 ou 13, dans laquelle la sonde marquee est clivee par une forme 
thermostable de RNaseH. 

66 15. Methode suivant la revendication 12. dans laquelle la sonde marquee est un oligonucleotide ayant une 
longueur de 15 Si 50 nucleotides. 

16. Methode suivant la revendication 15, dans laquelle I'oligonucieotide est constitue totalement d'ARN. 



EP 0 365 627 B1 



17. Methode suivant la revendication 15, dans laquelle roligonucleotide contient une ou plusieurs sequen- 
ces intercalees qui ne sont pas clivables par la RNaseH. 

ia Methode suivant la revendication 15, dans laquelle un oligonucleotide constitue d'une sequence ADN- 
5 ARN-ADN est utilise comme sonde. 

19. Methode suivant la revendication 18. dans laquelle la sonde ADN-ARN-ADN est utilisee pour detector 
une mutation ponctuelle telle qu'une mutation se produlsant dans la maladie ^ h^maties falciformes. 

10 20. Methode suivant la revendication 12, dans laquelle la sonde marquee est un polynucleotide ayant une 
longueur de 50 h plusieurs milliers de nucleotides. 

21. Methode suivant la revendication 20, dans laquelle le polynucleotide est constitue totalement d'ARN. 

75 22. Methode suivant la revendication 20, dans laquelle le polynucleotide contient une ou plusieurs 
sequences intercalees qui ne sont pas clivables par la RNaseH. 

23. Methode suivant la revendication 1 pour la detection d'une sequence d'ARN, dans laquelle TARN de 
r6chantillon est utilise comme matrice pour la synthese d'une copie d'ADN complementaire de la 

20 s6quence-cible avec la transcriptase inverse, ladite methode comprenant : 

rhybridation d'une amorce d'ADN a TARN de rechantillon en 5' de la sequence-cible ; 
I'allongement de Tamorce avec la transcriptase inverse k travers la sequence-cible pour produire 
une copie d*AON complimentaire de la sequence-cible ; et 
la detection de la copie d'ADN complementaire. 

25 

24. Methode suivant la revendication 23, dans laquelle le precede d'hybridation et de cllvage est base sur 
le clivage d'une sonde marquee avec un enzyme Si actlvlte de RNAseH. 

25. Methode suivant la revendication 23 ou 24, dans laquelle un derive de phosphorothloate de la copie 
30 d'ADN complementaire de la sequence-cible est synthetise avec la transcriptase inverse en utilisant 

des desoxynucleotide-a-thiotriphosphates comme substrats pour la reaction, de telle sorte que les 
groupes phosphate du brin d'ADN synthetise soient des phosphorothloates au lieu des phosphodlesters 
naturels. 

35 26. Methode suivant la revendication 25, dans laquelle le precede d'hybridation et de clivage est base sur 
le clivage d'une sonde marquee avec un enzyme a activite de RNaseH. 

27. Methode suivant la revendication 25, dans laquelle le precede d'hybridation et de clivage est base sur 
le clivage d'une sonde d'ADN marquee avec un enzyme de restriction, ladite methode comprenant : 

40 rhybridation du derive de phosphorothloate synthetise a une sonde d'ADN marquee complementai- 

re : 

le clivage de la sonde marquee a I'lnterieur du duplex d'ADN sonderphosphorothioate avec un 
enzyme de restriction au niveau de site de reconnaissance pour iiberer le brin phosphorothloate intact : 
le recyclage du brin phosphorothloate de mani§re repetee dans le processus reactionnel : et 
45 la detection du degre de clivage de la sonde apr^s reaction. 

28. Methode suivant la revendication 1, pour la detection d'une sequence d'ADN, dans laquelle une copie 
de la sequence-cible est tout d'abord synthetisee avec I'ADN-polymerase au moyen de I'ADN 
d'echantillon comme matrice, ladite methode comprenant : 

50 la denaturation de I'ADN de rechantlllon ; 

rhybridation d'une amorce d'ADN a I'ADN d'echantillon en 5' de la sequence-cible ; 
I'allongement de I'amorce avec I'ADN-polymerase a travers la sequence-cible pour produire une 
copie du brin d'ADN complementaire ; 
la detection de la copie d'ADN. 

55 

29. Methode suivant la revendication 28, dans laquelle un derive de phosphorothloate de la copie de la 
sequence-cible est synthetise avec I'ADN-polymerase au moyen de desoxynucieotide-a-thiotriphospha- 
tes comme substrats pour la reaction de telle sorte que les groupes phosphate du brin d'ADN 
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synthetise soient des phosphorothioates au lieu des phosphodiesters naturels. 

30. Methode suivant la revendication 29. dans laquelle le precede d'hybridation at de clivage est bas6 sur 
le clivage d'une sonde marquee avec un enzyme a activite de RNaseH. 

31. Methode suivant la revendication 29. dans laquelle le precede d'hybrldation et de clivage est base sur 
le clivage d'une sonde d'ADN marquee avec un enzyme de restriction, ladite methode comprenant : 

rhybridation du d^rivd de phosphorothioate synthetise h une sonde d'ADN marquee compl6mentai- 

re ; 

le clivage de la sonde marquee h Tinterieur du duplex d'ADN sonde:phosphorothioate avec un 
enzyme de restriction au niveau de son site de reconnaissance ; 
la liberation du brin de phosphorothioate intact ; 

le recyclage du brin de phosphorothioate de maniere repetee dans le processus reactionnel ; et 
la detection du degre de clivage de la sonde aprfes reaction. 

32. Methode suivant la revendication 1, dans laquelle deux ou plus de deux reactions d'hybridation et de 
clivage sent couplees pour parvenir k une amplification exponentlelle du signal. 

33. Methode de detection d'une sequence d'ARN au moyen d'une analyse competitive, ladite methode 
comprenant : 

rhybridation de TARN de r§chantillon ^ une molecule d'ADN compl^mentaire de la s6quence-cible 

raddition d'une sonde d'ARN marquee complementaire de ladite molecule d'ADN plus un enzyme 
h activite de RNaseH a I'echantillon d'essai ; 

la mise en incubation de rechantiilon d'essai pour permettre a la reaction d'hybridation et de 
clivage de s'effectuer ; et 

la mesure du degr^ de clivage de la sonde d'ARN. 

34. Methode suivant la revendication 33. dans laquelle la molecule d'ADN contlent un segment comple- 
mentaire a la fois de la sequence d'ARN cible et de la sonde marquee et un second segment 
complementaire seulement de la sequence-cible. 

35. Methode suivant la revendication 34, dans laquelle la molecule d'ADN comprend une sequence ayant 
une longueur d'au moins 4 nucleotides dans laquelle les groupes phosphate sont non modifies, et les 
groupes phosphate restants sont modifies de manlfere k emp§cher le clivage des sequences d'ARN de 
cible et de sonde complementaires par la RNaseH. 

36- Methode suivant la revendication 33. dans laquelle la molecule d'ADN est complementaire de la sonde 
marquee mais forme un duplex avec la sequence d'ARN cible presentant un ou plusieurs mesapparie- 
ments, de telle sorte que le clivage de la sequence d'ARN cible par la RNaseH soit inhib6. 

37. Sonde utile pour la mise en oeuvre de la methode suivant I'une quelconque des revendications 
precedentes. constituee d'un oligonucleotide ayant une longueur de 15 a 50 nucleotides, contenant une 
sequence d'ARN et une ou plusieurs sequences supplementaires non cllvables par la RNaseH. 

38. Sonde suivant la revendication 37, dans laquelle la sequence d'ARN possede une longueur de 3^15 
nucleotides, et dans laquelle I'oligonuclSotide est marque au niveau ou a proximity de I'extremite 5' ou 
3' de la chaTne avec un marqueur radio-actif, fluorescent, 6lectrochimique, luminescent ou enzymati- 
que, ou un autre groupe reporter. 

39. Sonde suivant la revendication 38, dans laquelle I'oligonucleotide est en outre modifie avec un groupe 
a forte affinite au niveau ou a proximite de I'extremite de la chaTne opposee k celle auquel est fixe le 
groupe reporter. 

40. Sonde utile pour la mise en oeuvre de la methode suivant I'une quelconque des revendications 1 a 35. 
constitute d'un polynucleotide de 50 h plusieurs milliers de nucleotides de longueur, constitue d'ARN 
plus une ou plusieurs sequences intercalees qui ne sont pas cllvables par la RNaseH. 
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41. Sonde suivant la revendication 40. dans laquelle les brins de sequence d'ARN possedent une longueur 
egale ou sup6rieure a 3 nucleotides, et dans laquelle une ou plusieurs des sequences intercalees non 
clivables par la RNaseH sont marquees avec un marqueur radio-actif. fluorescent, electrochimique. 
luminescent ou enzymatique, ou un autre groupe reporter. 
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STANDARD STOICHIOMETRIC HYBRIDIZATION ASSAY TO 
DETECT DNA SEQUENCES 



(1) ISOIAIE SAMPLE DNA 



(2) lUMOBIUZE DEKA1URED 
(SINGlf-SIRANDED) DNA 
ON A SOUD SUPPORT 



LABELED 
PROBE 



(3) HYBRIDIZE WITH 
LABELED PROBE 



(4) . WASH our PROBE 
NONSPEOFICALIY 
BOUND AND DETECT 
SIGNAL 




FIG.1 
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DETECTION OF A SPECIFIC DNA SEQUENCE USING 
THE CHA METHOD 



(1) 0ENA1URAT10N OF 
DOUBLE-STRANDED 
TARGET DNA MOl£CUl£ 



+ 



TARGET DNA 



(2) ADOmON OF EXCESS 
lABELED NUCLOC ACID 
PROBE AND ENZYME OR QIHER 
CATALYST TD CiiAVE PROBE 
ONCE HYBRIDIZED TO 
TARGET DNA SEQUENCE 



(3) HYBRIDIZAHON OF THE 
PROBE TO TARGET DNA 
STRAND 



ENZYME 



(4) ClfAVMGE OF THE PROBE 
AND RECYCLING OF THE 
TARGET DNA MOIICULE 




LABELED 
PROBE 



(5) HD^EMENT OF lABEUD 
PROBE CLEAVAGE PRODUCT 
AFTER REPEATED CHA CYCLES 




FIG.2 
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CATALYTIC HYBRIDIZATION AMPLIFICATION IN 
SOLID PHASE FORMAT 




(4) SEPARATE SOUD 
SUPPORT FORM 
THE RELEASED 
lABElID FRAGUENTS 
AND CARRY OUTTHE 
DETECnON 
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DETECTOR 



FIG.3 
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EXPONENTIAL CATALYTIC HYBRIDIZATION AMPLIFICATION SYSTEM 



(1) OENAlURAnON OF SAMPLE DNA ID FORM SNGli-SIRANDED SPECB. 
UNIQUE TARGET SEQUENCE IS REPRESENe BT 0). 




(2) ADOmON OF TARGET DNA AND RNASE H TO SOUD SUPPORT SOT I AND I 

SOUD SUPPORT I CONTAINS PROBE m COMPlBiEHTARY ClIAVABLE (T) AND (X) SEQUENCL 
SOUD SUPPORT » CONTAINS COMPUMENTART CLEAVABIE (X') AND lABElfD (T) SEQUENCE. 




1ARGET DNA 



(0 



RNASE H 

REPORTER 
GROUP 
lASa 




(3) TARGET DNA SEQUENCE (1) HYBRDIZES TO COMPIEUENTARIT OEAVKBlf (T) ON SOUD SUPPORT L 
,(0 ^-c-RNASEH 

TARGET DNA 
(X) 





FIG.4A 
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(4) CLEAVAGE OF (T) RQfASES SEQUENCE (X) WHICH DIFFUSES TO SOUD SUPPORT 0. 

HYBRIDIZES TO COMPIBIENIARY CLEAVABIE SEQUENCE (X') AND REIiASES A LABELED (I) SEQUENCL 
ORUm TARGET SEQUENCE (T) CONnNUES TO REEASE UORE (X) SEQUENCEl 



ORIGINAL 
TARGET 

jjiiiiiiiiiiiiuj. DNA 




CLEAVED 

(X) SEQUENCE 



/ RMASEH- 




(5) LABELED {!] SEQUENCE DIFFUSES BACK TO SOUD SUPPORT t. HYBRIDiZES WITH OEAVABlf (T). 
AND RELEASES UORE (X) SEQUENCEl 




^ Cl^ORlGINAL 
lARGET 
DNA 



.Cl£AVAED(T) 
SEQUENCE 



/TWiJil' 'iil'llliiilun/ SOUD 



(6) CHA PROCESS CONTINUES BEIWEEN THE IWO SOUD SUPPORT SYSIEUS WITH IKE EXPONEKHAL 
RELEASE FROU SOUD SUPPORT 0 OF LABELED PROBES FOR SUBSEQUENT OEIGCTION. 
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SUPPORT 
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SOUD 
SUPPORT 



FIG.4B 
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DETECTION OF SPECIFIC RNA SEQUENCES USING A COMPETITIVE CHA ASSAY 



ADD COUPLfMENTART m UOl£CUt£ TO IBT SAUPlf OF RNA. HlfBRlDIZE THEN ADD lABElfD RHA PROBE 
AKD RNASEH: 



SAUPII RNA (?) 
A' 



DNAUOl£CUl£ 
= A 

= B 



lABElED RNA 



K 



A' 



A* 



A' 

FIG.5A 



SAUPlf 'DOET 
CONTAIN TARGET 
RNA SEQUENCE 



E + ^A' 



B* E= B 



SAMPLE 'DOES NOT 
CONTAIN TARGET 
RNA SEQUENCE 
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r B 
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B* EE B 



z B 



NO lABEIID FRAGMENTS 
RQIASED 



FIG.5B 



lABEIID FRAGMENTS 
RELEASED 



FIG.5C 
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